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-    OBJECT   - 


I    submit    this  volume    on   the    Syn- 
thetic  manufacture   of  Phenol  to   the    armour 
institute    of  Technology  as   a  thesis   to    obtain 
the    de^iee    of   Chemical   Snaiheer. 

It    is  my    intention   to   ^'ive   a  brief- 
as-possible,    yet   compi-ehensive   and    detailed 
dissertiit  ion   on  m^^    experience   and    observations 
obtained   while    connected    with  the  Ihenol  Plant 
of  the   Eew  Port   Chemical  "/oiks, 

I   will  tiy   to  eive   a  detailed   dis- 
cussion  of  the   Chemistry    of  the    manufacture, 
and   of  the    operation   of  the   plant.      I   will 
give   pound,    volume,    and   efficiency  values   for 
the    individual   steps   in   the   manufactui-e    which 
I   know  to  be   correct,    but    outside    of  rough 
estimates  no  e-^-'Oss   tonnage    fie;ui'es   will   be 
submitted, 

I    intend  to   desciibe   the   layout    of 
the  plant  and   the    apparatus  and  discuss    some 
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of  the   difficulties    tli^^t    cu,me   to  my  notice, 

""hen    I  came    to   Hew  Port    (July   1917) 
the  rhenol  pioduction   wa,s   around   40   tons  per 
day.      m   about   nine   months   this   pioduction 
had    incieased   from  4o  to   6C-65   tons   per  day. 
The   bulk  of  the   Phenol  was    being  used  for   wo.r 
pui poses.      About    April   it   v;as   decided   the 
tonnage   should   again   be    increased,    and    truly 
it   was,    for    in   four  months  a  beautiful  new 
plant    of   capacity  equal   to   the   old   one    was    in 
operation,    adding  enough  tonnage  production 
to   the    old  plant    production   to   mai^e   a   total 
of  about   130  tons    pei    day. 

It   was    in  the    "60-ton   days"    that 
the   efficiency  was  hi^^hest   and    it    is   with 
this   time   that   my  efficiency   figures   deal. 

The   new  plant   was   built    in  record 
time    after   much   experience   had   been   obtained 
in  altering   and    rebuilding   the    old    plant. 
Subsequently  an    ideal  plant   was   the   result. 
It    is   this  plant    that   will   be    the    subject 


of  my  plant    layout    and    it    is    of  the    old  plant 
I  will  describe   and    discuss   the   difficulties, 

T'ilwauke  e  ,    'Vi sc ons  in 

December   15,    1919  Eaymond  D.    Paiiott. 
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-  PROCESS  - 

The  process  of  the  Synthetic  manu- 
facture of  Phenol  was  by  the  ';vay  of  the  sul- 
phonation  of  benzene.   The  Synthesis  consisted 
01  six  distinct  and  separate  steps,  the  fiist 
five  constituting'  fixed  chemical  i-eactions  and 
the  sixth  or  last  step  consisted  of  a  mechani- 
cal procedure,  distinct  and  particular  as  those 
tnat  preceded. 

They  are  as  follows; 

(1)  The  sulphonation  of  benzene  to 
I'lonobenzene  Sulphonic  .^cid. 

C     H      +  H     SO     * 
6      &  2        4 

C-    H^    SO      H   +   H„0 
6      5        3  2 

(£)    The    conveision   of   the   benzene 

sulphonic   acid   to   calcium  benzene    sulphon-^te, 

2  C^    H^    SO      H  +  Ga    (OH)..   •♦ 
6      5         3  ^ 

(C.    H-    SO  J  5   Ga   +   2  H^O 
(3)    The    sodation    or   conversion   of 
the    Calcium   Salt    to   the    Sodium  Salt. 
{C      H^   S0„)_   Ca  +  Ea-    CO,,   •• 

^  Cg  H^  SO^  Ea  +   CaCO^ 


(4)  Th£    fusion   of  the    sodiuir   Sci.lt 
with  Caustic   Soda  to   produce    sodium  phenate 
as    the   main  pioduct   and    sodium  sulphite   as   a 
t)y-pioduct . 

C,    H^   SO,,  Ka  +  ii  I'a  OH  * 

Cr   E^   OFa  +  l.!a„    SO,.   +  H,0 

(5)  lecomposition  of  the  sodium 
phenate  v;ith  a  mineral  acid  with  the  liber- 
ation of  crude  phenol, 

2  Cg  H   OUa  +  Hg  SO^  •> 

2  0,  H^  OH  +  Ea.^  SO, 

(5)   L'istillation    or   purification   of 
the   crude   phenol   to   the   marketable    product. 

Each  of  these   steps   was   beset    with 
lar^ve    and   smc^ll   obstacles   which  were   more    or 
less    overcome   by  diligent    observation  and   stuay 
in   a  comparatively    short    space    of  time. 

A  tempei-ature    of   the    sulphonat ion   of 
benzene,    the    oiopoitions   of  benzene   and    sul- 
phuiic   acid,    ca.nd    the   mannei-    in   which   they  were 
mixed,    was   simplified   to   a  matter   of   loutine 
opercation. 

Liming  of  the    sulphonation    and 
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conversion   oi'   the    calcium   salt    to   the    soda 
salt   ^iXYn   little   tiouble.      The    filticition   of 
the   gypsum   oi    calcium   sulphate    cake    was    solved 
mechanically,    but    there   still    remained   to  lind 
a  way,    v/ith  the    installed   apparatus,    to   wash 
the   cake    efficiently.      Perhaps    the   ^Teatest 
difficulty   of   the    soda  salt    operation   came    at 
this  point.      It   received  moie   than   its    share 
of  attention   and    still    the   results   fell    short 
of  those   desired. 

The  mechanical   operation   of  the 
fusion   room  had    become   routine.      'Vith   careful 
attention    (and   not    too   great    a  rush  for   tonnage) 
on   the   part    of  the   Operators,    ^nd   with   what 
knowledge    of  the   process   we  had,    good   fusions 
were    a   common    thing.      Tith   a  little   tutoring 
the    Operators   became    expeit-like    in  reading 
little    signs  and    indications    of   a  good   fusion. 

Anybody   that    could    turn   a   valve    or 
start   a  pump,    and    could   read   English  was    able 
to   acidify  the    fusions.      The  recovery;    of   the 
waste   phenol  and   the    distillation   of   the    crude 
were   easily  perfoimed  after   one  had   become 
thoioughly    familiar   with  the  apparatus. 


-   SUEPHOEATICK    OF   THE  BEKZEKE   - 

A  "Sulphoria-tion"   haviiiej  been 
dropped    to   a  montejus,    and   the   terapexature 
in  the    kettle   having  dropped   to   40°    or    50°   G. 
due    to   the   cooling   water   running-   the    while, 
the   kettle    was  ret^dy  to   be    charged  again. 

Twenty- one   hundi'ed   pounas   of  benzene 
(pure   vvater-white )    were   di'Opped   by  gravity 
from  a  weigh-tank  to    the  kettle.      "/hile    the 
benzene  was   dropping,    450C  pounds    of   lo2  per- 
cent   sulphuric   acid   weie   made   leu-dy    to   charge 
from  a  weigh- tank.      These   weigh-tanks,    which 
weie    similar,    were    loci^^ted   above    the    sul- 
phonation   kettle.      The   benzene   Wc^s  pumped 
with   a    Vorthington  double -i^cting    steam   pump 
to   the   benzene   weigh-tank  and   the    acid    vvas 
blown   with  blo-w-e^g   and   60  pounds   ail    pressui-e 
to   the    acid    weigh-tank. 

AS   soon  as   the   benzene    was  all    in 
the    kettle,    which   took   15   to   £0  minutes,    the 
vents   to  the   kettle   and   the    benzene   di op- 
lines   were   closed,    and  .the    agitator   started. 


The    water   was   I'unnirig  all  tills  time.      This 
done,    the    acid  was   stctrted   dropping   to   the 
benzene.    The   heat   of  reaction   of  benzene  plus 
sulphuric   acid   caused   the    tempeiature    of  the 
kettle    contents   to   approach  80°  C,    with  cool- 
ing water   running   full    stream.      The   rate,  of 
feed   was  controlled    in   accordance    with   a 
temperature   chart.      The   Operator   attempted  to 
follow  the   template    or  guide    line    (adopted 
through  experimentation     and   experience) 
traced   upon   the    chart    beforehand.      This   made 
the   rate   of  acid   feed  about    50  pounds   per 
minute.      If  the   neeole   on   the   temperature 
recorder   overran   the   template    line,    the    flow 
of  acid    was   slackened    a  little,    and    if   it 
did   not    come    up    to    the    line    the    flow  was 
hastened.      i  have    seen    some   opera.tors  make 
perfect   charts,    one   right   after   another   and 
then   others   misercibly  poor    ones.      Once    in  a 
great   while   a   clock  acted   up    vvhen  an  agitator 
leg  diopped   off,    and    in    such  cases   the    best    of 
operators  could  not    follow  the   template    line. 
Caie   had    to   be    exercised    to    see    that    the   acid 
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was  not    fed   too  rapidly   so  as    to   cause    ex- 
cessive reaction  and    boil   the    benzene    out 
upon   the   roof.      Once   80°   was   leached    (or   a 
temperatuie    greater   than   the   boiling  point 
of  benzene)    and   the    benzene   had  not    boiled 
out,    after   all  the   acid  had   been   added,    there 
was   little    likelihood   of    its  blowing,   to   the 
roof.      At   the    rate    of  50  pounds   of  acia    per 
minute,    1.5  hours   would    be  lecuired   to  make 
the    charge.      After   this    1.5    (to   2)    hours,    the 
acid  all   in   the   kettle,    and   the    temperature 
had   reached   somewhere   around   the   80°  mark, 
the   cooling   water   was   shut    off   and   exhaust 
stecim  tui'ned   in    its  place.      This    steam  was 
required  to   raise    the   kettle   contents   to 
l00°  C.      This    temperatuie    was  maintis-ined   to 
the    completion   of   the    "sulphonation" ,    and 
that   meant    1   to   3  hours    on  the    average.    After 
one   hour-   a   sample    was   taken   out    of   the    kettle 
and   tested   for   benzene.      A  benzene    content 
less   than   2  percent    was    called    finished  and 
the    "sulphonation"   was  ready    to  be   dropped   to 
a  monte  Jus   below.      Such  a    "sulphonation"    ivas 


a  mixtuie    of  about    6c   percent    sulphonic    acid 
and   4o  percent    spent    acid.      If   the    benzene   con- 
tent   was  ^Teater   than   2  percent    the    operation 
was    continued.      Samples    then   were    taken  about 
every  half   hour   for    a  couple    of  hours,       ,'/hen 
less    than  2  percent    was  noted   the    "sulphonation" 
was    then   ready   to   be    disposed   of.      Geneially 
at   one   hour   the   benzene    content    showed   7    to    lO 
percent    benzene   and    in   1,5  hours  less   thtrn   2 
percent.      There    were    exceptions   to   this,    how- 
ever.     If,    for   any   reason    such   as   a   low  reading 
clock,    low  steam  pressure,    or   a  pttddleless 
agitator,    the   charge    in  the    kettle   hc<,d  been 
maintained   around   9o°   or    95°    instead    of    lOo"  C, 
the    benzene    wci.s  nearer   to    20   or    3C  pel  cent   un- 
sulphonated,      in   such   a  case,    especially   if 
opertition   was   in  need   of   a    "sulphonation", 
more   acid   was  added,    (to   coi respond   to  this 
20   or   30  percent)    say   900  -    1350  pounds  and 
the    "sulphonation"    continued  for   another  houi- 
or  perhaps   two,    in   which  time    the   benzene   con- 
tent  dropped   to   2  or   3  percent.      if  the   per- 
centage   was  greater  than   2,    and    operation   was 


badly   in  rieed    of   the    "sulphonb.tion",    it  was 
dropped    on    order   of   the    operating  foreman. 
Too   ^reat   a  benzene    content,    however,    not    only 
lowered   the    efficiency  but    ci-lso   hindered    in 
the    liming    operation,    the   fumes   often   driving 
the    operators   away    from   the    jobs   and   sometimes 
catching   fire. 

It   has   been  found   that   benzene   and 
sulphuric  acid    (concentrated)   mixed    in  the 
theoretical  amounts   react    to   the    point   vvheie 
the    ratio    of   spent    acid   to   .vater   formed,    is 
about    60   to   20   or    to  about    a   56   percent    "sul- 
phonation".      It    is   a  well-known    fact   that 
concentrated   sulphuric   acid  grecdii^^   attacks 
water    to   form  a  rather   stable    hydrate  Hg   SO/. 
HpO,    and    so   as   the   water   vi/as    formed   in  the 
"sulphonation"    it   was    taken   up   by  acid   that 
was    intended  for   the   "sulphoi.ation".      This   low 
figure    of   60  percent    is    even  greater    than    I 
would    expect.      For    instance,    from   76   pounds 
of  benzene   we ■ should   get    theoretically  158 
pounds    of  benzene   sulphonic   aCid   and   18   pounds 
of  water,   using  96  pounds   of   concentrated 


sulphuric   acid.      This   t^cid    or   4^    pounds   would 
form   9  pounds    of   ivatei-,    and   as    sulphuric    acid 
and    water    combine    in    the    ratio    of   98    to   16    or 
49    to   9,    I   would    expect   this   9  pounds    of  water 
to  be    taken  up   by  the   remaining   49   pounds    of 
acid ,    but    this    is  not   the   case   and    is   probably 
due   to    the   partial  breaking  up    of   the    combi- 
nation  of  acid  and   water    by  the    hi_:h  temper- 
ature   of   sulphonc^t  ion    (100°   G.)    along   with  the 
dilution   by   this    same    jva,tei    and    sulphonic    c^cia, 
theieby   freeing  acid    to    the    eytent    of    increas- 
ing  the    "sulphonat  ion"   f  i  om.   50  t  o   68   percent. 

It    was   for    the    reason   of    only  partial 
sulphonat  ion,    with  the   theoretical  a,m.ount    of 
acid   thcit    we   had   to   employ  4500  pounds    of   102 
peicent    sulphuric   acid    or  4590  pounds   of   100 
peicent    acid,    or   about    40    jeicent    excess    of 
theoretical.      This   meant    1954    pounds    of   lOC  per- 
cent   sulphuric   acid    in   excess    of  the    theoreti- 
cal amount    of   2636   pounds   of  100  percent   acid: 
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Cg   Hg   +   H.   SO4   *      • 
2100#        4590# 

Cg  H^   SO3  H  +  HgO    {+   Hg  SO4) 
425£#  464#         (1954|) 

The    efficiency  of   the    average 
"sulphonation"    was  ubout    96   percent    of   theo- 
retical, or  4060  pounds  actual   sulphonic    acid 
instead    of  4252  pounds   were    formed.      About    ,5 
percent    of   the   benzene    was   conveited    to 
diphenyl-sulphone,    (C^^  ^5^-   ^^^2'       l^'^s^ead    of 
there   being  1954  pounds  of  excess    sulphuric 
acid    in   the   final   "sulp  honest  ion"   mixtur-e    there 
w-^s   neaier   2050  pounds.      Hence   a.   final   "sul- 
phoncition"    showed   loughly  ci.bout: 
Cg  He   +  Kg  SO4   •> 
2100#        4590# 

C.    H^   SO     H   +  H,0   +   C^   H      +  H^SO. 
653  2  66  24 

/^060#  475#        30#  2050# 

The    total  acidity    (sulphuric  plus    sulphonic) 
was   equal  to   about    50  percent    of   thv,    r.ixtuT'e 
by   weight    or   30  percent    sulphuric   and   20  per- 
cent   sulphonic   acid. 

I   think   it    v;culd   be    So.fe   to   say   with 
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careful   charging  and    everythinei   vvoricing    Bmooth- 
ly  about    £0   to  40  pounds   of  benzene  escaped 
throu^'h  the   vent   to   the  atmosphere.         If  for 
any  reason    such   as   a   "jam"    in   the    opeiation  a 
sulphonation  had  to   be   held    in   a  sulphonator 
15   to   20  hours,    the   efficiency  was  not    so   great. 
The    sulphone    increttsed   and    the    sulphonic   acid 
had    a  tendency   to   break  up    into   benzene   and 
sulphuric   acid.      This   v;as   especially   true    if 
the    kettle   vent   to   the   roof  became    clogjed   t^nd 
a   slight   pressure    was   formed   in  the   kettle. 
This   gave  a  pressuie   of   steam  'which   tended 
toward   a  reversible    reaction.      Laboratory 
results  boie   out    the    fciCt   that    a  sulphoiiation 
completed    in   5   to   6   hours   was   most    efficient, 
in  respect    to    both   benzene  and   acid. 

The    apparatus  used   in   this   operation 
was   piobably   sti^ndard    of  the   coui.try,      a 
63C-gallon   cast-iron    sulphonator   was   used   with 
centric    oi    excentric   agitation   by  means   of  a 
vertical    shaft   and  horizontal  paddles.      The 
speed   of  the    shaft    was   about    16 0  R.   P,    ¥.*      The 
kettle    was    jacketed  so  that    Wciter    could    be 
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condenser"  to   the  ^rioor  and"  tlier^"^y  TncTeas ing 
the  head    or   drop,    this   difficulty  v/b.s  mini- 
mized.     If  this   condenser   equipment   haa   not 
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applied   for   cooling   or   steam  for  heating.      A 
vent    was  fitted   in  the   benzene   vapor    line,    and 
a  sample    cock   in    the   bod;;   of  the    kettle, 

A  benzene   reflux- like   condenser   was 
fitted   to   the    kettle   to    caie    fox    the   benzene 
vapors  driven   off   by  the   violent   leaction  at 
the    start    of  the  "sulphoncition" .      a  suiface 
area   of   78    square    feet    served  the    juipose    vvhen 
piopeily   applied.     Ilant    pressuie    sufiiced   to 
thi  ow  the   water    to   the    coil  tanks.      Had   this 
pressuie   been    inadequate   a   pump    was   provided 
to   act   as    a  boostei    or   do   the    woik  alone    if 
necessary.      a  "U"    bend    or    seal  tended   to 
syphon   the   condensed   vapors    of  benzene   back 
into   the    kettle.      'Then   the    leg  or    "U"    was 
first   adopted    it    was   made    too   short    (about   8 
feet)    and  the    condensed  vapois   v/ent    largely 
to  the    I'oof  and    escaped   instead    of   dropping 
to    the    kettle.      By  merely   lengthening   out    the 
leg    (from  8   to    16   feet)    from  the    bottom  of 
condenser    to   the    floor   and   thereby    increasing 
the  head    or   drop,    this   difficulty  was  mini- 
mized.     If  this   condenser   equipment   hac.   not 
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been  employed,    the   escaped   benzene-loss   to   the 
roof  would   ha-ve   amounted   to    EO   or    30  percent. 
I   have  been    on    the    roof  at   the   start    of  a 
sulphonation    (when  the    short    leg   was    in   V:se) 
and  have   seen   benzene   come    from   the   vent    in   a 
full    stream  and    amount   to   perhaps    12  to   15 
gallons. 

Originally   there   was   no   leg   extend- 
ing to  the    bottom  of  the    kettle    on  the    inside, 
and   the    outside    "U"    was    only    15    inches    long. 
After    some    little    agitation    on  my   part   this 
inside   leg   was    installed    in    one    of   the   kettles 
(Ko.    4).      The   blows   to  the   i oof    (with   the    8 
feet   head)    were   entirely   eliminc.ted  and   Ko.    4 
kettle    turned   out  moi e    sulphonations    in   a 
shorter    time    than   any   other   single   kettle    in 
the    place,    and   more   efficiently. 

This   could   not   be   tolerated   by 
"Outside"   authority,    because    "he"   coulc    not 
see   how  an    inside   leg   could  remain  any  length 
of  time    cind  not   be    eaten  away   by  the    concentrated 
acid,    even  after    it    had   been   demonstrated   very 
Conclusively   that    such  was  not   the    cu.se.    Hence 
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the   result   was   the    outside    leg    (and  no    inside 
leg  to   the  bottom)    and  the    renewal    of  the 
blows    to   the    roof.      Since   my  time    this  I\o,    4 
leg    (on  the   inside)    has   been  replaced   and 
results   obtained   that    verified  my  belief.    It 
is  my   idea   that    the   2,5  pounds  pressuie   and 
heat,    which  were    in   the   kettle,    had   a   tendency 
to   force   the    incoming   benzene    from  the    "short 
inside    leg"    directly    out   and   up   the   vapor   vent, 
whereas   the   long  leg   allovved    the    incoming 
benzene    to   trickle   below  the    acid   and   be 
partially   sulphonated. 

Every   three   or  four  days  these   out- 
side  legs   had    to   be  cleaned    of    "sulphonation" 
mateiial.      This    was   accomplished   by  blowing 
with  steam,    and    the   combination   of   valves    on 
the    outside   leg  gave    any  blowing  combination 
necessary,      a  clogged    leg  meant   a  direct    flow 
of   benzene   to  the    roof  and   that  meant   loss. 

G-enerally   during   each  day  a  valve 
or   a  length   of  pipe   was   eaten   through  by 
sulphuric   acid  and   had    to   be   replaced.      A 
fitter   and   his  helper   attended    to   this  matter. 
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A  can   contuining   a  little   soda  ash  or    lime    was 
set   underneath    the   defective   part   and   the 
remaining  acid    left    in  this  part   was   allowed 
to  drip.      After  the   dripping  had   ceased  the    old 
part   was  replaced   with   a  new  part.      An  all    iron 
valve   fitted   with   special  asbestos   packing 
seived  about    one    month.      Once  a  month   or   so   a 
sulphonator   agitator-paddle    wa,s    eaten  away, 
whence   the    top    of  the    sulphonator   was   hustled 
off,    the    paddle   i-eplaced   with  a  nev;   one,    and 
in   four   to   five   hours   the    kettle    was    in   oper- 
ation again. 
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-   SUIPHCKaTIOK   mZER  YACUDi:  - 

There   has   been  developea    a  method    of 
sulphonating  under    vacu\m,    a  method    that   does 
away  v/ith  the    ^reat    excess   of  acid,    (mentioned 
ahove   and    simplifies   the    liming  process)    if  not 
eliminating   it.       It    was  not   adopted   at  lew  Port 
because   of  the    prospects    of   cessation   of  manu- 
facture,   and   the   burdensome   litij^-ation   vvith 
which    it    was    involved. 

Two  hundred  ^.aliens    of  96   percent 
sulphuric    acid    are    charged    into   a    stanac^rd 
6C0-gallon    sulphonator    vvith  a  gas    fired   furnace 
beneath.      Straw  oil    is   contained    in   the    jacket 
and    serves    as    the   heat   conductor,      "/hen  the 
acid    is    all    in   the   kettle,    the   benzene    is   fed 
to  the    sulphonator    and   the    "sulphonat ion" 
carried  to   a   5C  percent   acicit-;    in    the    usual 
way. 

'-'('hen   this   point    is  reached    the    vacu- 
um, pump    is    started  and   the   whole    sulphonation 
system    (see   drawing, )    is   evacuated.      '7hen  the 
gage    shows   cd    inches   of  vacuum,    benzene    is 
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allowed    to   feed   from  th'e   i^T-aYity   tank    (a)    and 
the    flow  regulated    such  thc^t   the   Viccuun^   is    20 
or   21   inches.      The    ternperatuie    of  the    kettle 
contents    is   laised    to    150°  C   and   held    there. 

The   vacuum   is    left    on   the    system  for 
about    1.5  hours   and    is   then  released,    and    the 
v/ater   collected   in   the    tank    (li),    diawn   off. 
Eore   benzene    is   then  run    into    the    kettle    to 
use   up   the    concentrated   acid     (freea   of  v/ater). 
The    sulphonation    is   continued  for   an   houi' 
after   which   time    a   vacuum    is   produced,   again. 
The   process   of  alternate    evacuation    and    sulpho- 
nation  is  continued  for    an   hour   aftei'   which  time 
a  vacuum   is  produced   a^ain.      The   process   of 
alternate   evacuation    and    sulphonation    is 
carried   on    'till   the   final   cicidity    of  the 
mixtui-e    is   about   30  percent    or   3  percent   sul- 
phuric   acidity.      The    time    to   bring  the   mixture 
down    to   a  residual  acidity   of  3  per'cent    sul- 
phuric  acid    is    about    20  hours. 

About    150°   0,    was   found   to   be    the 
best   temperatur-e    for   the    final   stages    of    the 
sulphonation.      A  higher  temperature    increased 
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the    formation    of   sulphone.      180°   C,    is  not    too 
hitjh  for   the    ori^jinal   evacuation   and  sulpho- 
nation. 

The  greater   the    capacity   of   the    vacu- 
um pump    and    the   greater  the    quantity   of  heat 
applied,    the    sooner   the    "sulphonation"   will  be 
completed,    as   the   main   object    is    to  drag  the 
water   away  f i om   the    acid    to  make    it    concen- 
trated   so    it    Ccin   do    "sulphonation   work".      To 
do   this   you  must    pass    10    times  as   much  benzene 
through   the    cycle    as   you  get    water    off,    and 
the   hotter   the   xettle  contents   are,    the  easier 
the   water   comes   off,    and    the    higher  the   vacu- 
um the    more    benzene   you  c^n  pass  through   the 
sulphonatoi  . 

The    sulphuric    acid    tower    is  to   catch 
the  benzene   vapors   that   go   thi  ough    the   pump, 
partial    sulphonation   taking  place    here.      This 
acid    is   put    into   the    sulphonator   for    the   next 
run   and   fresh  acid  put    in   its   place. 
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-  DS^TMIS-BUII  PROCESS    - 

The    following   is   a  part   of   a  paper 
"by  A.    G.   reteikin   of  the  Barrett    Company, 
(Chemical   and  LTetallurgical   Engineering, 
September    1,    1916,    page   258).      He   describes 
the   new  Dennis-Bull  Process   for   making  benzene 
sulphonic    acid.      I  understand    that   the  Barrett 
Company   are    or   were    some    time    ago    turning  out 
about   five    tons    of  phenol  per   day  by   this 
process   of   sulphonation. 

"Some   two   years   ago  Piofessor 
I, IC. Dennis    (U.  S. Patent  s,  Kos.    1,E1E,61S, 
1,211,023,      1,228,441  and   1,229593)    of   Cornell 
University  discoverec    that    although  the    solu- 
bility  of  pure    sulphonic   acid   in  benzol   was 
negligible,    benzol   would    take   up    from   the 
mixture   of   sulphuric   and    sulphonic    acids   2   and 
3  percent    of    its   own   volume    of  the    sulphonic 
acid.      In    working  out   this    idea   it    occurred   to 
l!r.   Hans  Bull    (U. S. Patents,  I. os,    1,247,499   and 
1,260,852)    of  that    com.pany  that    the    sulphonc^tion 
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could    be   made    simultaneously   v/ith  the   ex- 
ti;5,ction.      These    ideas   have   been   utilized    in 
the  evolution   of   an    extiemely   simple    orocess 
which  not    only  saves    90  percent   of  the    excess 
sulphuric   acid    as   a    spent   acid    containing   70 
to    77   percent    HoSO. ,    but   eliminates    a  good 
percentage    of   labor,    all    the    lime,    and   sub- 
stantially reduces   the   deplorable    cost    of 
repairs,    due    to    the   many  moving   parts    of   the 
old    installation. 

"The   process   will  be   easily  under- 
stood  flora  the   Chart.      The   vessels   1,    2,    3 
and    4,    so-c ailed    "extractors",    contain    at 
rest   a   layer    of  a   solution   of   sulphonic   and 
sulphuric    acids    of   varying  proportions.      The 
benzol  passes   continually  upward   through  this 
series   of  extractors,    the   vessels   being   under 
a  pressure   equivalent    to  the   head    of   benzol. 
The  distribution   of  the   liquid    in   fine   bubbles 
is   effected  by  means    of  perforated  branch 
pipes.      xlfter    the   passage   of   the    benzol   for   a 
certain    length  of  tim.e,    the    solution   in  Eo.    1 
is   free   from    sulphonic   acid  and    consists   of 
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77  percent   Hg   SO4.      'Vheh   this  has    been   ac- 
complished,   the    so-called    "spent   acid"    is 
withdravm.      The    solution    in  I'o.    2,    A'hich 
probably  contains    10  pel  cent    of   sulphonic 
acid    is  dropped   into  j^io,    1.      The    solution   in 
Ko,    3,    which   contains   probably  £5  percent 
sulphonic    acid    is   dropped    into  I'o.    £,    and   the 
solution    in  To.    4,    u^iich  contains   probably  4o 
peicent    sulphonic    acid    is   drop__ed    ir.to  Ko,    3, 

"Into  l!o,    4    is    then    slowly   intro- 
duced a  chaige.of  96   percent    sulphur-ic    acid. 
The    flow   of   benzol    is   not    interrupted   at   any 
time.      Sulphonation   takes    jjlace   c*,lmo&t    im- 
mediately and   the   volume    of  the   benzol   flovv- 
ing    through,    is.pproximately   BOO  gallons   per 
minute,    is    so   great   as    to   eflect    almost 
instantaneous   removc<,l   of  the   heat    of  reaction. 
The    benzol    is   maintained   throughout   at   a 
temperature    of  50°  C.    by  heaters   at    the   bottom 
of  the    system  and   coolers    at   the    top. 

"After   passing  through  the    coolers, 
the    benzol,    which  will  contain  approxim.ately 
2  percent    su-lphonic    acid,    passes    successively 


23 


throug-h  the  washers,' 5,  6,  and  7,  coi.taining 
water.   The  benzol  falls  from  one  vessel  to 
another  by  gravity,  there  bein^-  no  pressure  on 
this  part  of  the  system.   The  sulphonic  acid 
remains  in  the  water  and  the  benzol  leaves  the 
last  washer  entirely  relieved  of  its  burden. 
It  is  passed  to  large  settling,'  tan.is  ;vhere  the 
rate  of  flow  is  slowed  dov\n  to  such  an  extent 
as  to  allow  the  sulphonic  acid  solution, 
cariieo  in  suspension,  to  settle,  and  from 
these  tanks  flows  to  the  pump  and  is  forced 
through  the  heaters  to  the  extracting  system 
once  more. 

""/hen  such  an  amount  of  sulphonic 
acid  has  been  deposited  in  '.Vasher  Ko.  5  as  to 
bring  it  to  the  strength  desiied,  it  is  i  e- 
moved  to  an  evaporator  a.nd  the  solution  from 
Tasher  lio.  6  pumped  to  I'o.  5,  and  that  from 
Ivo,  7  to  ijo.  6.   Fresh  water  is  put  into  Ko.7, 
A  water  solution  of  sulphonic  acid  can  be  ob- 
tained containing  60  percent, oi  even  more, 
sulphuric  acid  and  containing  also  about  E 
volumes  percent  of  benzol  in  solution.   The 
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The   benzol   is  removed   by  evaporating  a  small 
percentage   of  the    water.      The    solution   of 
sulphonic    acid    is    then  neutralised,    either  by 
the   caibonate    solution  f i om   the   phenol  blowers 
or  v/ith    the    solid    sulphite    of   soda.      The    sodium 
benzene    sulphonate   obtained    contains    some  5   or 
6  percent    of   sodium   sulphate,    due   to   the    solu- 
bility  of   sulphuric   acid    in  the    benzol   solution 
of   sulphonic    acid    (one  part    sulphuric    to    twenty 
parts   sulphonic), 

"ATYi-iliTAG-E    CF   TIIS  PROCESS 
"The   advantages    of    the   process   are 
obvious.      The    initial   cost    of   the    plant    is 
about    50  pel  cent    of   that    of   the   ola    style    plant, 
which   it   displaces,      Iv'oieover,    it   2  uns   practi- 
cally  without   attention   and   requires   from   one- 
thiid   to    one -fourth  the   number    of   laboiers. 
Taking   for   grantee    complete    extraction   of  the 
sulphonic    acid,    which  proves    quite   possible, 
and   a  removal   of  the    benzol   from  the    water 
solution   of   sulphonic    acid,    the    losses  possible 
are   confined   to  mechanical   causes,    that    is, 
either   leak's    or   evaporation.      The    yield  under 
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the   old   process ,"  from  benzol   to  sodium  benzene 
sulphonate    is    about    90  pe'icent.      The   new  process 
makes    easily  possible    a  yield   of   96    percent, 
leaving   the  mechanical  losses   out    of   consider- 
ation.     The    formation    of  disulphonic    acid   and 
of   sulphone    is   negligible.      The    operations: 
(1)    discontinuous   sulphonation ,    (£)    liming, 
(3)    filtering,    and    (4)    evap orbiting,    involving 
complex  machinery  and   many  moving  parts,    have 
all   been  displaced   with  the    one    simple  and 
continuous    operation,    extraction   and    sulpho- 
nation   goiiig   on   simultaneously,-,    the    only 
moving   paits   being  two   small  pumps.      The    spent 
acid    is  concentrated   to   93  peicent   ana   used 
repeatedly   ." 
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THE  C  OK  VERS  1 01'!    of   the   SULPHOiaC    ACID 
to   CAICim:  3EEZEKE  SUIPHOi: ATE. 

After  a  sulphonation   showed   less 
than  2  percent   benzene,    it    -.vas    diopped  to   a 
n:i0nte,'us  belov/,    and   from  there   it    was    bloiivn 
to   a  gravity  tank  above    the    lime   tubs.      From 
here    it    was   dropped   to   a  lime    tub   ci.r;o    the 
excess   sulphuric    acid   was   r.eutralized   and   the 
sulphonic    acid   was    convei ted    to   the    calcium 
salt. 

A  lime    tub   was   ready  to  receive   a 
sulphonation   when    it    contained   about   12    inches, 
or   half  the    required   amount    of  hot  milk   of 
lime,    and   the    air   ao-itatior   was    on._     A  trap- 
like door    in   the    cover    of  the    tank  was   closed 
to  within   about   2   inches    of  being   shut.       (If 
it    were    closed   all   the   way    it   would   be  blown 
open,    but    as    it    was    fixed   it   afforded  a  good 
draft    from   the    lime   loom   to   the    stack.) 

Tith    the    lime    in   the    tub   and    the    air 
on,    the    "sulphonation"    was    dropped   at    a  late 
which   the   operator   saw  fit,      as    the   "sulphoiation" 


27 


with   its   50  perceht   excesc    free    acid,    hit   the 
hot    lime ,    ^reat   volumes   of   steam  and  benzene 
vapors  poui-ed   up   the    stack  and   through  the 
E-inch  crack  at   the    trap   door.      If   the    sulpho- 
nation   was    dropped  too  fast    the    contents   would 
boil  over   the    top    of   the    tub.      After   5    or   6 
minutes   the    steam   and   benzene  vapors    slackened, 
which    indicated  the    fiee   lime    was   decieasing 
or   perhaps   was    all  used  up.      At   this    stage 
moie    lime   was   adaed    (from  the   mixers   above) 
simultaneously   with   the    "sulphonation"   from 
the'  ^TcLYity  tank.      Towaid    the    finish    of  this 
liming   oper-ttion   the    operator   tested   the    tub 
contents  with   a  squirt    of  phenolphthijlein   from 
a  bottle.      "'.7hite   indication"    told   him  acid 
was    still  present,    but    after   a   fev;  more   tests 
he  got    his    telltale  pink   test   from  excess 
lime,    and    alkalinity.      In    15   to   20  minutes   the 
liming  was    complete,    the   excess    sulphuric    acid 
had   been  neutralized   and   the    sulphonic    acid 
converted,    and   any  benzene   present,    boiled   off. 

llovv  10   to   12    inches   of   waste 
sulphite-sulphate    liquor   were   added   to   the 
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limed    sulphonation   to  'about   85-95   percent 

conversion    of  calcium  salt    to   sodium  salt. 

Ten  minutes    of  agitation  to   allow  this    waste 

liquor   to  react   and   the    liming  v/as   reacy  to 

be   filtered. 

2  C^    H.    SO^   H   +   Ca    (OH)..    ^ 

4252#  1456# 

(C^   H^   SO^),   Ca   4    2   II   0 
D      5        3   2  2 

4753#  945# 

Hg   SO^   +  Ca    (OH)^    ■» 
1954#      14  76# 

3430# 
The   27-29      Be',    'Vaste   liquor   ana- 
lyzed   23-25  percent    sodium   sulphate   and   5-7 
percent    sodium    sulphite,   and   weighed    1C»4 
pounds  per   gallon.      It  contained   a  small 
amount    of  phenol    (.5  percent)    und   was   highly 
colored   from  decomposition   products    of   the 
fusion.      12   inches    of   liquor    or    78.5   cubic 
feet    (78.5  x   7:5   x   10.4)    equaled    6122  pourids. 


Ca  SO^.2  H^O 
4  ^ 


■29 


6128  X    .23   ♦   1408/  Ha      30 

2         4 

6122  X    .07    *      430#  Ea      SO^ 

(Cg   Hg   SO^)^  Ca   +  Ka^   SO^    4 

3512 #  14  06/ 

2  C.    H^  SO,,  Ka  4  Ca  SO    .2  H^O 
D      b        3  4  2 

3570#  1705# 

(^r:   Kp    SO, J      Ca  +  na.,   SO     •» 
6      5        3   2  ^        Z 

1207#  430# 

2   Cg   H^   SOg  Ka  +    Ca  SO^.S   K^O 

1280#  567/ 

Tlie    lime    tub   was   a  plain   wooden   tank 
lO   feet    in  diameter   and   6    feet   deep,    covered 
over.      The   cover    (which  was   ti^ht)    was   pro- 
vided with  a   trap- like    dooi    about    2,5   feet    on 
a  side.      The   tubs   v/ere   fitted  with  wooden  vent 
stacks   creosoted   inside,    and   air   agitator  pipes. 
These   pipes    were   3/4    inch  brass,    perforated    at 
the   lower   ends   and   extendec    to   the    bottom  of 
the    tub.      These  pei-forat  ions    were    wound    or 
v/r-apped    over    with    stiips   of   our  lap    and   bound 
with  wire.      This    covei-ing  kept    out    the    sediment 
which   otheivvise   would    have   clogi^ed    the   holes. 

The    limed    sulphonation   WcxS    immediu,tely 
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pulled,    while    hot',    thiough  a  valve    in    the 
bottom   of  the    tu"b   by  a  centr ifu^'jal  pump    of 
ample   size,    and   forced   to   the    Oliver    filter 
presses   above.      The   tub   and    pipe   lines,    after 
the    contents    wei  e   pumped    out,    v/eie   well 
steamed   to  remove   any  remainin^^-  residue. 
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-    OLVI^k  FIITRATICK    - 

The   Oliver   Filter  consists    of   a 
revolvable    drum   or    cylinder   with  open   ends, 
mounted   on   a  horizontal  axis   v/ith  the    lower 
portion   submerged    in   a  tank  contuinin^"   the 
material  to   he    filtered.      The    surface    of   the 
drum  is  divided    into    24   sections    running  paral- 
lel  with  the    axis    of  the    arum.      These   sectors 
are    covered   with   a   5-m.eEh   screening  which  acts 
as    a  background    for   the   canvas.      The    latter   is 
protected   on   the    (other    side   or)    outside  by  a 
wire   winding   of   I/I6    inch  wire   and   9/l6    inch 
pitch.      Each    section    is  connected,  'oy    two   pipes 
which   are    in  tiirn  connected    with   an   automatic 
"headvalve".      This   valve   performs   in   such  a 
m.anner  as   to   apply   a   vacuum   at    the   canvas   for 
a  portion   of   a  revolution   for    sucking   cake   and 
liquor,    and    then   air    for    a  jait    of  the    remain- 
ing portion   of   the  revolution   for   the   purpose 
of   blowing   the  washed  cake    loose    as    it   ap- 
proaches  a   scraper.      A  m.echanical   agitator 
and  also   a  blast    of   air    in  the    bottom  of  the 
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tank  provide   for   a  uiiiro'rm   cake.      A  filtrate 
receiver   is  provided  which   empties    into   the 
soda  Conversion   tubs  belov;.      The    cake   goes   to 
a  gutter   and   from  here    it    is    flushed   to   the 
diirap   by  wa^'    of  a  canal  for   the   purpose. 

Oliver   operation   on   paper   was 
simpler    than    in   actual  practice.      The    quality 
of  cake,    the   thicki-ess   of   cake,    and  the    correct 
amount    of   wash  watei-   and    its    application  were 
the    important    items    in    Oliver   operation.      The 
material   tank  had    to   be  kept    full   in    order 
that    the   cake  did   not   become    free,    vertically, 
of  the    liquor    level   too    soon.       If    such  was   the 
case    the    cake    sloughed   or   diopped   off  from   its 
O'-vn   weight   and    cracked   for    the    lack  of   wash 
water    which    was  not   applied    so    low    in   the    taniC. 

Best    Oliver    operation   was    to   keep 
the    tank  full,    regulate    the  vacuum   so   that 
about    3/4    inch  cake    was    pulled,    and   apply  wash 
water  gently   so  as    not    to  cut   the    cake.      This 
nepessitated   the    continual   ad^'UStment    of  the 
vacuum  valve   as    not   all    of  the    cakes   weie    of 
the    same    quality  and    the   vacuum  was  not    of 
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corxstant    value.      Generally    speaking  however, 
a   single   limed    "sulphoi.ation"   maintained   its 
regulated   cake,    but   the    following,    "sulpho- 
nation"   would    take    more    or   less  vacuum,    depend- 
ing upon   the    quality,    of  the   cake.      By   quality 
of  cake    I  mean  porosity  and    textuie. 

An  attempt  was  made  to  regulate  the 
thicloiess  of  the  cake  with  the  head  valve 
alone,  by  cutting  short  the  usual  or  standard 
suction  travel.  This  did  not  prove  satis- 
fcictory  because  the  different  filters  did  not 
all  behave  alike,  and  the  quality  of  cake  was 
too  Vci.riable. 

Tash  water    was   applied   by  3  pipes 
of  8    spiay-nozzles   each,    at   the    back   of  the 
drum,    and    5   one-inch  pipes,    with  .3/16  inch  holes 
spaced   1   inch  apart,    located   -   4  at    the    top 
and   1  midway  between    the    3   spi ay-nozzles    at 
the    back  and    the    above  mentioned   4.      These 
;vater   pipes   weie    about   4    ir.ches    off   the  drum 
with    the    3/I6    inch  holes   away   from   the    cake. 
The   water    issued    from  these   holes    with   a 
force      great   enough  .to   throw   it    up    2    inches 
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in   ttie    air  cs-nd   allow   it    to  arop   gently  upon 
the   cake.      These   diilled   1-inch  pipes    served 
better   for    washine   than  did    the    spiays,    as 
the    latter   cut    the   cake   and   the   former  did 
not.      The    wash  water   v/as   maintained   at    75-85°  C. 
and  5  pounds   pressuie,    and    instead   of   air  30 
pounds    of   steam  were   used   on   the    blow.      This 
wash  water   consisted    of  the    condensate    and 
condenser    .vis-ter   from   the    evaporators   bi  ought 
up    to    75-85°   C,    by  sending   it    thiough    a 
special  heater    foi-   the    puipose.       If   the   water 
was   heated  to   too  great    a  tempeiatur-e    it   was 
difficult   to  maintain   a  cake    on  the    filter, 
because   a.s   the   hot    wash  wu,ter   entered   the 
vacuum  pipes    it    flashed    into    steam  cue    to   the 
reduced  pressure,    and   this    cu,used    the   vacuum, 
to  diop,    and    in   turn  the    cake    to    slough    or 
break  loose. 

■'/hen    I   first    went    to   the    plant    the 
Olivers    weie   not    working    exceptionally  well. 
They   v.ere    sloppy   and   needed  cleaning   often. 
The    little    vacuum   air   pipes   and    he ad -valves 
were    clogged   and   needed   steaming,    and    in   some 
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cases   scraping  out.    '  Ar.   anal;-sis  of  this 
material   in    the    pipes   showed   about    50  peicent 
of   diphenj'-l-sulphone,    alont,-  with   a   little    lime 
and   ferric   hydroxide.      A  little    experiment 
carried    out    by  myself    in   the   laboiatory  biought 
about   the   chan-je    of  air   to   stet^m  blow  on   the 
canvas.      The    follov.'int^    is    a  copy   of   my  report: 

"A  sample    of    limed    "sulphonat ion" 
going   to  the    Olivers    was   divided    into    two 
equal  portions,    one    was   heated   to   boiling  and 

0 

the  second  was  cooled  to  £4   C.  (tap  temper- 
atuj-e).   Both  portions  were  filtered  through 
two  thicknesses  of  qualitc^tive  filter  paper. 
Both  filtrates  -were  then  coolea  to  (tap 
temperature)  24°  0. 

"The  filtrate  of  the  hot  portion 
showed  a  precipitate  of  sulphone  upon  being 
cooled.   The  filtrate  of  the  cold  portion 
showed  no  pr'ecipitate. 

"AS  sulphone  is  insoluble  it  might 
appear  that  it  is  hela  in  a  finely  divided 
state  of  suspension  or  in  a  colloidal  (or 
otherwise)  condition  in  the  hot.   In  this 
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condition    it    is    able    to  pass   tiiiou^h  the 
filter    into  the    filtrate.      This  hot    filtrate 
upon   bein^v   cooled  ^i'ives   up    the    sulphone   as  a 
light   flaky  precipitate. 

"In  the    cold  portion,    then,    they  are 
present    as   a  precipitate    and   are   held   back  by 
the    filter    from  ^oin^-    into  the    filtrate. 

"This   means   that    the   material   to   the 
C'liveis  when  hot   contains  the    sulphone    in   a 
condition   to   pass    the    filter   and   vvhen   cold    in 
a  condition   to   be    held  by  the   filter." 

August    1918, 

It    was    plain   then    thc.t    the    liquor 
had   to  be   hot    or   cold   to    either    pass    the 
sulphone   or   to   hold    it.       If   the    liyuor   was 
cooled    calcium  and    sodium   benzene    sulphonate 
7/ould   tend   to  crystallize  out   and    it   would   be 
impossible   to  v/ash  these    salts    out    of  the 
cake.      It    was  then   decided   to  maintain  the 
s^/stem  as   hot   as   possible   and  pass   the 
sulphone.      To  aid    in   this   decision   the    air 
blow  was  replaced   by  the    SO-pouiid   steam  blow 


37 


and   steam  agitation    in   the    bottom  of  the    tank 
replaced   the   air   agitation. 

KovY  instead    of  finding  the    sulphone 
in   the   vacuum  pipes   and   head-valves,    it    is 
found   flociting   as   a  soapy,    sudsy  foam    on   the 
surfci.ce    of  the    converted   soQ a- liquor. 

Often  the    cake    on   the    piess  became 
streaked,    leaving  the   canvas   bare    in   spots 
and    loaded    in    others.      These    bare   spots    soon 
became    baked   by   the    steam  and   the   poies    in 
the   canvas   beCotme   absolutely  closed.      Once   a 
canvas    got    in    this   condition    it   vvcs.s    little 
better    than  none    at   all, 

7hen   a  press   got    this    way   it  was 
shut   down  and    scrubbed   by  hand  v/ith  wiie 
brushes.      This   scrubbing  did   some  good    to 
the    canvas   but   no    good    to    the    wire    screening 
beneath,    which   rapidly   became    clogved.      It 
v/as   then   proposed   and  adopted,    to    shut    down 
a  press   every  8   hours   and   scrub    it   before   it 
became   streaked  and   the   poies   weie    clogged 
and   baked   tight.      This   oiactice    lengthened 
the    life   of  the    canvas.      At    intervals    the 
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screenirie;  v/as   removed  and   clecined  fiee    of  lime 
and    foreign   matter, 

A  streaked  press   was  due   to  many 
causes,    two    of   which   were   difference    in   Quality 
of  cakes   and    cutting  of  the    cakes    by   the   v/ash 
water   as   already  mentioned.      A  too  great   wash 
pieseure   y/as    sure   to   cut   the    cake. 

I   have   seen  canvas   a   little    over   8 
hours   old   that   was    in  a  v/orse   condition   than 
canvas   6C  hours    old,    which   was   the   average 
life   of  a  well-handled  canvas.      After   &0   hours 
a  canvas   became   rotten   and   eaten    anc    could  not 
be    scrubbed   further   without   puncturing. 

Limings      varied  greatly.      Some    pro- 
duced   a  heavy  porous   cake,    others   a  light 
powdery-like    Cia,ke .      If   a   "sulphonation"    was 
pulled  as   soon  as    it    -Na-s   limed,    the    cake  was 
hot,    thick  ci.nd    he^vy,    j-et  poi-ous.      These   cakes 
washed   well  and  filtered   rapidly.      But    if   for 
some   reason   a   lim.ed   sulphonation   v/as   allov/ed 
to   stand    idle    and   become  cold,    the   air    agi- 
tation  being   on   the   while,   the   cake  became 
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light    in   weight    ano    granular,    and    filtered 
slowly,    and  the   cake  was    invariably  thin  no 
matter   how  grea.t    the   vacuum.      Also    if   a 
liming  became   cold   the  calcium   and    sodium 
benzene   sulphonate    crystallized   out   and   a 
poor    and    inefficient   wash  at  the    press    was 
the  result . 

An   attempt    was   made    to   produce   a 
good   cci.lce   by  dropping  a   "sulphobation"    into 
an  excess   of  milk  of   lime.      The   acid  hitting 
the   fcver   present    excess   lime    formed   a  heavy 
cake.       These   "sulphor-i.tions"    if  pulled    im- 
mediately,   and  while   hot   gave    a  good   cake, 
but    if   allowed  to  cool  and    agitate,    the    cake 
was  thin  and  granular.      Also   too  much    steam 
was   generated    in   the    lime   tub    so  that    method 
was    abandoned. 

A  liming  consisted   of   about    2250 
gallons  of   25°  Be',    liquor.      The    above    with 
the    cake    taken   out    appi-oximated   1350   gia.llons 
of  15°  Be».    liquor.       .Vith    1200  gallons    of 
wash  water    there    was   a  total  volume    of   2550 
gallons    of   8.5°  Be».    filtrate    liquoi .      This 
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meant  that  one  gallon  of  15°  3e',  liquor  was 
diluted  to  1.9  gallons  of  6.5°  Be',  filtrate 
liquor. 

3430  pounds  of  Ca  SO^.  2  H2O  +  17o5 
pounds  of  Ca  SO^.  2  H^O  +  587  pounos  of  Ca  3O3. 
2  H2O  -f  75  pounds  of  insoluble  matter  in  the 
lime  gave  5S00  pounds  of  cake  to  the  Olivers. 
The  sludge  which  v;ent  over  the  scraper  7/as 
about  1/2  water  and  l/2  cake  or  coiiectly  46 
percent  water  and  5£  percent  solids.   There- 
fore 5570  pounds  or  6  70  gallons  of  water  were 
carried  off  with  the  cake. 

The  soda  salt  loss  on  the  Clivers 
was  from  1.5  to  2.5  percent  of  the  Oliver  cake 
or  8  7  to  145  pounds  of  soda  salt.   'Vith  a  poor 
wash  the  loss  was  £00  to  300  pounds  (or 
greater)  of  soda  salt. 

Several  de teiminations  for  the  per- 
centage of  insoluble  solids  (in  water)  gave 
26  grams  of  solids  obtained  from  ICO  gr^ims 
of  well  washed  feed  material  or  E6  percent 
insoluble  solids  -  theoretically  I  get 
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^^°^  r  25.6  percent  in soluble 


225  X  8.33  X  1,21 

solids, 

25°  Be».  =  1.2063  SP.gr. 

2250^*15(1,2083)  - =  22,650  pounds. 

22,650  =  Total  weight  of  liming  . 

22,650  X  .26 =  5,889  pounds. 

5,869  -^  (4845  X  .95)  r  5669  f  4603  =  10491  ". 

10491  "T  22,650 r  46.3^  total  solids. 

Therefore  - 

L'other  liquor  -  =  25°  Be'.  -  (2250  gals.) 

Total  Solids   -  =  46.3  percent 

Soluble   "    -  =  20. 3 

Insoluble"    -  =  26.0   " 

Using  6  presses  (and  washing  one  in 
its  turn)  or  actually  using  5  presses  all  the 
time  and  averaging  40  "sulphonations"  per  day 
(24  houT's)  during  22  days,  we  ^et  the  follow- 
ing figures  for  one  press  for  (£4  hours)  one 
d  ay . 

Filtered  linings  -------       8,0 

L:other  liquor,  gallons  -  -  -  -   16,000.0 

•.Vash  '.Vater,     ."      -  .  -  -   9,600,0 
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Dry     Cake,   pounds   -   -----   46,400.0 

'7et   Cake,        "  ------    90,960.0 

Soda   Salt    loss,    lbs. (142x8)    -      1,136.0 
Steam  piessure   on   canvas 

and  agitation   -----   30  pounds 

Size   and  Fo.    of   canvcis   -    "Oeeanic   Cotton 

Duck"    #12,    (104   yaids   per  rool).      17' 6"    lengths 

used,    weighing  9.5   to    10  pounds    each. 

Tllie   screen    (canvas   background)    5  mesh. 

Binding   mre    l/l6    inch  diameter   and    9/ 16   inch 

pitch. 

Spray  equipment    -   4,1-inch  pipes   above  and 

one    amidship   with   3/l6    inch  holes    spaced   one 

inch  apart,    and    3   2-inch  pipes    with  &    standard 

nozzles    each. 

Vacuum  -   20-22    inches   mercury. 
Temperature    of   wash  water   -    75-60°   C.    and 

4-5  pounds  piessure, 

Troug^h  water    (flush  water)    -   17,5   pounds 

pressure, 

rurability    of  canvas   -   60  hours  (average), 
"Benzene   loss   -   35,8   pounds   per    "sulpho- 

nation". 
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Sulphone   -   25,4  pounds   benzene  per    "sulpho- 
nation". 

Soda  press   loss   -   3,0  pounds  per  press 
(soda   salt). 

The    sod  a- salt    loss    vvas   unduly  high 
and   to  oveicome   this    there   was   su^^ested   a 
feasible  wash  procedure   as   follows; 

Feed   the   mother-liquor   t o  an    Oliver 
press   on   the    second   floor   and   run   the    same    in 
the    usual  way  but    only  give   a  scant   wash.    The 
cake    removed    at   the    scraper    is   then   flushea   to 
a  tank  below    (with  a   heavy   agitation  fitted) 
and    leached.      The    leach   of  about    50°  Be',    is 
then   filtered    over   another    Oliver   and  given   a 
heavy   wash.      The   combined   filtrates  are   then 
handled    in    the    usual  mannei .      It    is   said   that 
the    final   com-bined   v/eak  soda   liquor   is    of 
smaller   volume    and   that  the   loss   by  this   pro- 
cedure   is   reduced   from   150   to   30  pounds    so   the 
advantage    is    apparent,      I  partially  veriiied 
this  procedure    in   the    laboratory    in  a  rough 
way,    but    cannot    absolutely  vouch   for     it. 
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THE  SODATlCE'or  COEVERSIOE 
of   the 
CAICIUIv:  SALT    to      the   S0DIO.T  SAIT 


A  centrifugal  pump   delivered   the 
Oliver   filtrate    to    the    sodation  tubs.      Here 
the    calcium  salt,    remaining  unconverted   after 
the   addition   of   the   vvaate    liquor   in   the    lime 
tubs,    was   converted   by   the   adaition   of  soda 
ash.      This   soda   ash   amoui.ted    to   50-100  pounds 
and   once    in  a  great    v/aile  as   much  as   300 
pounds,    depending  upon    the    quality   of  the 
waste   liquor.      The  use    of  the    -vvaste    liquor 
made   a  saving  of  85-95  peicent    of  the    soda  ash 
that    otherwise    would   have  been   usea.      Excess 
waste    liquor    over   that   used    in  this    operation 
was   tur-ned   to    the    sewer.      iCO  percent   conversion 
v/ould    have   been   carried  out   with  waste    liquor 
if   it   had  not    been   for   the    great   difficulty    of 
washing  out    excess    sodium   sulphate.      as    it   was, 
the   percentage   was   high  -    often   excessively  so. 
The    soda  ash  was   added  as   the   Oliver 
filtrate   v^coS   pumped  to   the    tub.      By  the   time 
the   tub  was   full,    the    ashed    filtrate   was   ready 
to  be    filtered   through  the   Shriver  plate   piesses. 
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The   opeiator   made   tests    for    "under" 
and    "over"'   soda  ash,    and    coirected   for   both. 
If   ''under    soda"   he    added   more    soda   ash  and    if 
"over  soda"  he    added   a   little   moie   Oliver 
filtrate.      His   ttst   for    "under   soda"   was    a 
drop    or   tv/o   of    soaa   ash   solution  adaed    to   a 
portion   of  the   clear    (filteied)    liquor,      A 
pi-ecipitate    of   calcium   caibonate    showed   that 
there    was    still   some   Cctlcium  salt    to   be   con- 
verted,   so   there    was  added  more   soda  cish.    His 
test    for    "over   soda"   was   the  addition   of 
calcium   chloride    solution   to  a  portion   of   the 
clear    (filtered)    liquor.      A  precipitate    of 
calcium  carbonate   showed   an  excess   of   soda 
ash,    so  more    Oliver   filtrate    was   run   in   to 
use   up    this   excess    soda  ash,      'Vhen   no   pre- 
cipitate   was    formed   on  the    addition   of  either 
test   reagent,    the   conversion   was   complete    and 
correct. 

Ca    (C.   H^   SO,)..    +  Ha,   CO^  •» 

2   C.    Hp-    SO,  Ea  ■»■   Ca  CO, 

b       O  3  3 
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ExG  ess 

Kag  CO^  f  Ca  Clg   •> 

2  Ea  CI   +  Ca  GO2 

The    convex  ted   liquor    /.^as   then  pumped 
by   a  centrifugal  pump    to    the    chriver   plate 
piesses    above.      The   piesses    stood  a  piessure 
of  25-30  pounds   befoie   leaking.      A   "sulpho- 
nation"   having   been   convertea   largely    in   the 
lime   tubs   and    the   resulting   cake   having  been 
taken    out    at   the    Olivers    little    cake    was 
formed    in   the    sodation   tubs.      The   result    was, 
a  Shrive r  would   handle    6    or   7    "sulphonations" 
before    it    was   necessary  to  dump    it.      Ordi- 
narily the   cake    formed  by  a   lOO  percent   soda 
ash   conversion   would    fill   a  press.      The   press 
cakes   were  washed    'till  the   filtrate    shov/ed 
less    than   0°   3e',    at    75°   C,      As    the    calce  was 
dumped,    samples   v/ere    taken   from  each  plate 
and  m.ade    into   a  representative    sample    for  the 
control   work. 

The  Shriver   filtrate    dropt'ed   by 
gravity   to   the    weak  liQ.uor    stora._,e    below  on 
the    firet    floor   and   the    cake   was   flushed    to 
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the   eewer.      This   cake   might    have  been   uti- 
lized   in   the   lime    tubs,  but , it   being   a  com- 
paratively small   amount    to   bothei    with,    was 
thrown   away. 

Canvas   on   the    Shriver   plates   lasted 
a  month    or    two    and   then  many  times   haa    to   be 
replaced   only   because    the   opeiator   had  punched 
a  hole   or   tvv'o    in   same   y/hile    cleaning.      IJany 
of  the    canvases    wore    thi ough   where   they   came 
in   contact    with    the    faces   of  the  plates.      The 
drip    cocks   had   to   be   blown   free   of    sulphone 
and   c carbonate   with  hirh   piessuie   steam.      To 
do    this    they   were   removed   fiom  the   plates   and 
screwed   on   to   a  nipple    on   a  steam  line   ij-nd 
blovtTa   cleax    and    then   replaced   or;   the    plates. 
The   feed    lines  to   the   presses   were   also    steamed 
out   at    intervals. 
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SVAPORATICK    or    GCECMTRATIOE 
of   SOLA  LIQUOR 

The  hot   8.5°  Be».    Shiiver  filtrate 
was   drawn   from  the   weak   liquor    stora£;e    tubs 
into   the    first   effect    of   a  double    effect    evapo- 
rator   by   suction.      The    licjuoi    fi  on  the   lirst 
effect    was    slov/ly  drawn    into    the    second   effect. 
About    53    jercent    of  the    total  watei    ■.Vo.s   t^ken 
out    in  the   first    effect   and   about    13"^  3e ' ,    was 
reached.      The   remaining  47  peicent    of  the    vrater 
to   be   lemoved   was    taken    out    in   the    second    effect 
and   a   liquor    of  about    24-E5°  Be',    was   obtained. 
This   24-£5°  Be',    or   wet    salt    at    90°  C,    had   a 
consistence   of  thin    syrup    and   was   of  a  reddish 
amber    color    (due    to   waste    liquor).      If  allowed 
to   cool   it   became   thick  with   the    consistency 
of   cheese    curd.      It   had  a  --reasy,    slippery 
caustic-like    feeling'   to   the   touch.      vraen   ever:, - 
thing  went   smoothly  the    opei-ation   was   continu- 
ous   and   as    one   tub  was  emptied   a.nother   full 

0 

tub   was   switched   in    its  place.      The    24-25     Be'. 
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liquor  or  wet  soda  salt  vvas  pumped,  con- 
tinuously to  the  fusion  loom  storage.  The 
soda  salt  pipe  line  in  the  fusion  room  had 
to  be  kept  waim  or  the  salt  vvould  freeze  and 
elo^-.  To  prevent  this  a  1-inch  steam  line 
was  laid  alon£,'&ide  of  the  salt  line  and  both 
lines  were  then  wrapped  with  asbestos.  By 
this  provision   the    soda  salt    could    be    kept 

at   50°   C. 

The   evaporating  apparatus    of  the 
new  plant    consisted   of  two   double    effect 
Buflovak  evaporators,    with   1S50   square   feet 
of  heating   surfh.ce    in  eaCh   efrect.      The   ca- 
pacity   of   one    couble    effect    installc-tion  per 
hour   was   about    3700  galloi:&    of  water   evapo- 
rated,   and   this    was    equivalent   to   about    35 
tons    of  phenol   i^er   E4-hour  day.      A  catch- 
all   (or    spray  catcher)    was   fittea  to  the 
second   effect    of  both    installc^t ions   to  le- 
cLiim  any  salt    carried   over   mechanically  by 
the    spray.      A  large    'wet   vacuuin  pump    (16"x2S" 
x£0")    with   a  46"x7E"    jet   condenser  maintained 
a  24"    to  ^5"   vacuum    in  the    second   efxect,      A 
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small  condensate  pump    (8"  x   lO"   x   IE")    helped 
maintain    15"    of  vacuum   in   the    first    effect   and 
at    the    same   time   carried    awav    the   condensate 
from  the   stea.a   chest    of   the    second   effect,      a 
'Vorthington   double   acting   steam  pump    (6"  x   6" 
X  6")    was   used   to  pump   t ne    heavy  concentiated 
salt    f 1 om   the    second   effect    to    the    fusion   room 
storage* 

The   old  plant    evaporating  apparatus 
consisted   of   one    instcillation   iaentiCc^lto   those 
in  the  new  plant    and    a  Swenson   double    effect 
(basket    type    steam   chest)    installation  of 
slight  1;;    smaller   capacity. 

In   principle    both   evaporutois   woi' k 
alike.      The   weak   liquoi _was  drawn   into   the 
first    effect    which  maintains  a    vacuum   of   15", 
From   the    first   effect    it    wi^s    slowly  but   steadi- 
ly sucked    into    the   second   efiect,      13     Be', 
was   reached   in   the    first    eiitct.       In   the    second 
it    was   taken   to   24    to    25°   Be',      The    first 
effect    WciS   heated  by   exhaust   steam,    now  and 
then   boosted    vvith   live    steami.      The   exhaust 
steam  entered   the    chest   at    the   rear,    condensed, 
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gave    up    its  heat,    and   the    conden&ate   ilowed   from 
the    front    of  the    chet.t    by  ^ravity   to  a   trap. 
'Vater    evap orbited    in  the    first    effect   was  pulled 
to    the   chest    of   the    second    effect    in  the    form 
of   steam,    vvheie    it   condensed   and   ^ave   up    its 
latent    heat   to   that   cell.      This   condensate    was 
pulled    away  by  a.   small  wet  vacuum  pump.      This 
pump,    with    condensation   of    the    steam   fiom  the 
first    effect   maintained  the   vacuum   of   15''.      A 
luT^e  Vacuum   pump    in   conjunction  with  a    laige 
jet    condensei'   pulled    the    vapor    off    of  cell    /f2 
and  discharged    it   iilone^-   with  the   condenser 
water    to  a    laige   tank.      A  portion    of  this 
water    vvent   throu^rh  a  heater,    and   was   then 
used   on  the    Oliver   presses.      The   lemainder 
went    to   the   plant    spray -pond. 

Both  Sv/enson   and  Buflovak  machines 
had    their   advantages.      The    former   operated    on 
5  pounds    of  exhaust    steam  whereas    the 
"Buflovak  required  6    to   IC  pounds.      The 
vertical   tubes    of    the    Swenson   were   more    self 
cleaning   than    the    horizontal   tubes   of  the 
"Buflovak  and   there,   was    ex^-eiienced   no   leaks 
with  the   basket    chest    of  the    Swenson  where- 
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as    the  T^uflovak  tubes   caused  considerable 
trouble.      The   tubes    of   the    Swenson   basket, 
once   expanded    in   the   chest  ,    never   leaked.    The 
Swenson    bottom  droPi>ed  out    of   place   making- 
the    inside    of  the    evc».poiator   bod;/  open   to   the 
world,    and    the    only  means   of   entrance   to    the 
3uflova.k  cells    was   a   small  man-hole.      The 
7orthington   soda   lictuor   pump    seived    its 
purpose   better   thci,n   the   mat^-na   bcill  Va.lve 
pumpts    of    the    Swenson   appaia-tus.      However, 
the   "Yorthington   pump   was  not    standard    equip- 
ment   on   the   Buflovak.       The    two    small   single 
acting  pumps   fui'nished  by  Buflovak  wei-e 
absolutely  no  gooc    for    the   heav;/-   soda  salt 
liquor.      From  the    operators    standpoint,    the 
Buflovaks  were    easier  machines   to   handle    as 
the   valves    'were  more    easily  reached  and   fewer 
steps   were   requiied    to   operate    same. 
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THE  FUSlCl;   of  soDim:  beuzsee 
SUIPKOEATS  with   a  CAUSTIC    to   TEODUCE 
SOriO/:  1-HSlwiTS    (and    SODIU::  SITII'HITS) 

E1-E200  pounds    of  98°   pei'Cent    caustic 
(in    lumps    the    size    of    a  man's   head)    with    15-2C 
gallons    of  water   were    diopoed    into   a  fusion 
kettle    and   melted.      The  waiter  hastened   the 
m^elting.      as   toon  as   the    cuustic   had   become 
molten   a  motor-driven   agitator    was   put    in 
motion.      Then,    as   the   caustic  mass  le ached   a 
tempeiatuie    of   275-80°   C.    the    24°  Be',    or    wet 
soda  salt   was    staited   feecing    slowly   into  the 
caustic    from  an   overhead  measuring  tank.      The 
total   time    to   bi  ing   the    cuo.stic    to   275-80°   G. 
was   about    1,5   hours.      The   late   oi    feed   of  soda 
Scilt    was    judged    oy  a   template    or   t_,uide    line    on 
the    temperature    lecoiding  chait.      The    soda    salt 
was   chai-ged   so    that   the    pen  point   made   an   easy 
curve   and   o-pproached    295-300°   C.      This    temper- 
atu2-e   of   295-300°  C.    was  maintained    in    the 
mass    'till   the    soda   Sd.lt    was    all    in   the    kettle  , 
Six   to   6.5   houi'S   y;as   the   best    charging   time. 
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Tith   10-20  gallons    of   soda  salt   remainine,-    in 
the  measuring   tank,    the    fire   under   the    kettle 
was   put    out.      After   the    salt   was  c^ll    in  the 

0 

kettle,    the    temperature   mounted   to  2)60-^o'o      G. 
due    to    the    heci,t    of  reaction.       After   the 
measuring   tank  had   drained  dry   the   charging 
line   from  the    tank  to   the    kettle    was   blown 
cleai'    of   salt    with   high  pressur-e    steam.      The 
contents    of   the   y.ettle    weie    allowed   to   agitate 
ana   oook  at   this    temuei^tui  e    for    .5   of  an  houi  . 
If  the    temperatuie    went    above   335°    C,    cola 
water   was   added   to   biing    it    oown   to   555°   C. 
A  good   fusion   at    this   stage   looks    like    and    was 
of   the   consistency  of   hot    chocolate   and    had   a 
specific    gravity  ^re^-tei    than   2.      During   the 
,5   hour   cook  an   air-tight   manhole    cover  was 
bolted   in   place   and  all   Vc^lves    except    the   vent 
Valves   were    closed.      The    cook  completed,    the 
fusion   'was  iea.dy    to    be    dissolved   with,  hot 
water.      ireat  volumes    of   steam    issued  from 
the   kettle   at    the    start    of  the   melting  and   a 
small   amount    of   the    fusion   was    blov;n   into   the 
main.      At   the    end    of  each  shift   this   main 
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was    flushed   out    into   a  cil-culatin^-   tank  and 
thence   the    flushed  raatericil  was  pumj^ed  to   a 
separator.      The   yield   of   this   flushing:   about 
equaled   thtit    of  a    fusion.      A  half  hour    of 
this   melting   or   dissolving  more  than   doubled 
the   voluir.e    of  the    fusion.      This    water   was 
applied    to   the    fusion   on   the    surface,    at    the 
centei,    of    the    fusion  mass    'till   the    temper- 
ature   diop^ed    to   1£5°  C.      The    water    then  was 
shut  ,cff   and   the   blo«A/   line    openea,    the    vent 
line    closed,    15   pounds    of  air   a,p plied   at    the 
surface    of  the   fusion,    and   the   fusion    was 
blown   to   a  separatoi    lor   acidification.    During 
the    whole   operation,    except    when   the    caustic 
was    first   char^^-ed,    the    agitator   was    in  motion. 

Theoretically    S'Oda  salt   and   caustic 
should    be    fused   in   the    latio    of   £.£5   to    1.      I 
belitve,    hovv'evei  ,    that    the   most    efficient 
ratio,    taking-  everything   into    corsiderat  ion, 
is   1.5    to   1. 

C,    H^   SO,  Ka  +    £  i:a   OK  •> 
DO        3 

4845#  2150# 

C^   H     .OEa  +  ra^   SO,   +  H^O 
6      5  2        3  £ 

3l£2f  338&#  485# 

(Ratio   of  £.£5   to    1   theoretical) 
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Finished,   fusions    varied  considerably, 
some   being   so   thick  that   they  could  not    be 
agitated,    while    others   had    the    thinness    of 
water,      A  fev/  gave    a  crude   that   was    white    to 
straw  color,    but    these    were   late,    the   majority 
giving  a  crude   that    was   reodish  to    biovvnish 
black.      This  dark  color   was   largely   due    to 
chaired    soaa   salt   and    decomposition   ^jioducts. 
Some    kettles   were  hotter   than   others   and    soiree 
kettles   had   better   agitation   than   others.      if 
an   extra  hot   Icettle    and   a  poor   agitation  got 
coupled   up    together,    plenty    of   charring  and 
decomposition   took  place.      A  fusion   that   was 
charged   too  fast    chilled   on   the    suiface,    and 
thereby    interrupted   pioper   agitation.      Two    or 
three   fusions    reached   350-360°   G.    on  the    final 
cook  due    to    lov/  reading   clocks.      These   fusions 
gave    dai  k  tarry   ciudes  that    weie    almost    vvorth- 
less. 

After   this    impression  had   taken 
effect   on   all    concerned,    a  goodly  portion    of 
my   time   was   taken   up    in   testing  and    correct- 
ing  these   recording   clocks. 
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-   THE  FUSlCr;    ROOi:  - 

A  fusion   took  place   in  a  large 
directly   fired   kettle   supportea  by  brick  work 
which   went    to  make    up   the   fire    hole.      A  cover 
on   the    kettle  was    fitted    with  water,    a.ir  and 
steam  connections,    a  manhole   throUt,h  which  the 
fusions    coula   be  viev/ed,    a  stack  vent,    and   a 
safety  vent    pipe    which  was      fitted   with  n.   blank 
flange    of  peinanite,    a  fiber   asbestos-like 
material  which  would    burst   at   ci-bout    oC  pounds. 
A  s:,^hon    leg  was   fitted   in  the   kettle   for  re- 
m.oving  the    finished   fusions.      A  smiall  motor 
(5  horse)    was. mounted   on   the    top    of   the    icettle 
for    driving  the    large   agitator. 

crude    oil   fuel   was   buined  at   the    tip 
of  a    steam   atomizing  spray  nozzle.      The   flame 
■was   played    in   such    a  manner   as   to  have    it 
pass  up    aiound    the    kettle  rather  than  diiect- 
ly  against    it.      Ten-pound   exhaust    steam  wc»,3 
used   and    the    oil  was    fed   at    30  pounds 
pressure.      A  temperature   of   1E-1300°  C.    was 
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attained,    and    the    average   consumption    of  oil 
v/as    about    SCO  gallons    ^.er   fusion  excluding 
the   melting   of  the    cuastic. 

Above   the   fusion   jcettles   vvere  placed 
the  rr.ecisuring   tanks   6   feet   diameter   by  6   feet 
high  fitted   with   "telltale"    floats.      Above 
these    were   placed  the    stoiage    tiinks    of  two 
sizes,    7    feet    dit.meter   by   lo  feet   high,    and  6 
feet    diameter   by  8.5   feet   high,    eight    of   the 
former  and   ten    of  the   latter. 


-   FUSION    ROOr  OPIlRaTIOK    - 

There    is    only  one   way  to    operate, 
whether    it   be    in  the   fusion   room   or  not,    and 
that    is    the   ri^ht   way.      There    being   thiee 
shifts   of  workmen   and   all  with   the   understand- 
ing that   a  maximum   tonnage    of  phenol  Wis-S    the 
goal,    there  was   a   chance   for    jealousy   and    com- 
petition.     Each  shift   fought    and   tried  to  turn 
out    more   phenol  than   the    others.      This  was 
tiue    of   eveiy  department   and   especially  true 
of  the    "sulphonation''   and    fusion  depaitments. 
This    (by  no  means   little)    elem.ent    of    Jealousy 
was   very   apparent    in   the    fusion   room,      Shoit- 
time   fusions,    thick   fusions,    black  fusions, 
and    in   the   end   inefiicient    fussions    were   the 
result.      For   many  months    it    waS   an  unheara   of 
thing  to  have   a   single    kettle   chai-ged   twice 
on  the    Sa,nie    shift.      But   at    last   when  the    rush 
was    on,    a  Very  hot    fire    (which  buined   out 
kettles)    helped   hasten   the   charging  of  the 
soda  salt.      The   hastened    charging  made   tor 
poor   agitation  due    to   chilliiig.      The   chilling 
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made   thick  fusions  because    too  little    time 
was   a.llO'.ved   for  chemical  leaction.      The 
thickening  made   for   black  fusions  and    in  the 
end   a  small   yield. 

By  a  ^-ood  fusion,    I  mean    one   that 
was  not    fired    too   fast    to  burn,    and    one    in 
which  the    soda-salt    feed   was    steady.      The   ir- 
regular  curve    tells   the   stoi^'   of  a  rush 
fusion.      The   bumps   show  where   the    feed   was 
slackened   to    allow  the   tempeiature    of  the 
mass   to  rise   rapidly  to  a   temperature  greater 
than   was   actually  needed.      Once    ti.ie    tempcra- 
tui-e   was   i-eached,    soda   salr    was  run    in  at   an 
enormous   late   until  the   pen   point    struck   "some 
place   around"    300°  C.    moi  e    or    less.      This 
proceduie    emptied   the   measuring;  tanks    in   a 
shortei    time    than  was  le^ularly  taken  and    put 
many  a    finished   fusion  o  o,vn   on  a   shift   report 
long  before    it    should  have   been  there.      'Vhen 
it   was   possible    (and    that   v/as    often)    as   much 
as   6   to    16    inches   or  400-12C0  pounds    of    soda 
salt    were   allov/ed   to   lemain    in   the   measuring 
tank  thus   "short    weighing"   a  fusion.      This 
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meant    waste    of  money  and    time.      To   cover    up 
this    thieveiy,    the   measuring  tank  vvoulc    be 
filled  up    immediately,    upon   the    pietense    of 
being   in   a  hm-ry  to  make   up    a  chaige    of   soda 
salt   for   another    fusion.      This   sort    of   business 
went    on   foi'  many  weeks   and   during  this    time    it 
did  not    surprise    me    to   run   on    to   a   2- inch 
yield    of  phenol    instead   of   a  noim.al   yield    of 
4    or   5   inches.      These   £-inch  yields   never  got 
into   reports    for    it   was   easy  to    Juggle    a  2 
and    a   5-inch  yield   to  ma.ke    two    3.5-inch  yields. 
After   considerable    (undue)    agitation   on  my 
part,    strict   watch   was   put   over  this   matter. 

The    efficiency  of  the    fusion  room 
as   a  whole   averaged   about    75   percent.      A  rush 
fusion  would  go  about    6o-70  percent   and    a 
good   fusion  80-90  Percent,    depending  upon   the 
many   conditions.      Some    individual  fusions   ran 
higher. 

Soda  Salt  varied    fi  om.  day   to  day    in 
specific    gravity   as   well  as   in  purity.      For 
this  reason,    especially  from   the    standpoint 
of  specific    gravity  or    soda  salt   content,    a 
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constant    single    volume   measuie   could   not   be 
used   for   all   fusions.      So  a   chart   was   made 
reading    pounds,    temperatuie,    beaume',    and 
"inches    in   measuring  tank".      For   a  given 
charge   of  caustic,    the    operator   figui-ed   from 
his   ratio   of  "soda   salt    to   cu.ustic,    the   i-equired 
amount    of   soda   salt   needed    in   pounds.      He    then 
ascertciined   the    temperatuie    and   beaume'    of   the 
wet   salt.      Having  these   necessary    figures  he 
read    off   the    "inches    of   soda   suit    in  the 
measuring   tank"   requiied   to   make    up   his   figured 
poundage,    after   which  he    allowed    the    correct 
number    of    inches    of   wet    salt    to   run   into   the 
measuring   tank  from  his    storage.      instead    of 
going  wav   up    above   the    storagt   tanks   to  get 
the    temperatuie   and    beaume'    he   allowed   about 
half   a  charge    to  run    into    tne  meu.suiing  tank 
and   then  took  his   measurements   there. 

The    following   is   a  copy    of   the 
anonymous  report    concerning  the    charging  chart: 

"Four   content    determinations    were 
made   with  solutions   at    95°   c,    //ith   the   follow- 
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ing  results; 

5e'  .  Reading;   grams  /  250  cc   Pounds  /  O-all 


on 


13 

78 

2.60 

20 

114 

3»60 

23 

131 

4.37 

24 

141 

4.70 

'Vith  these  four  points  of  "Be'."  and 
"pounds"  a  curve  was  constructed  from  which  the 
pounds  corresponding  to  18°,  19°,  22°,  25°,  and 
E6°,  270,  ^Q  2go  Bg,^  ,,^gpg  estimated  per  gallon. 
A  changing  chart  was  then  made.  (See  Chart). 

In  experimenting  with  vaiious  con- 
centrations of  soda  salt  and  varying  temper- 
atures, it  was  found  that  the  beaume '  read- 
ing varied  1°  Be',  (approximcitely )  for  each 
10°  change  in  temperature,  i.e.,  a  solution 
of  soda  salt  whose  Be',  was  £3°  at  95°  C., 
was  24°  Be' .  at  85°  G. 

From  the  charging  chart  the  follow- 
ing figures  were  obtained  for  3500  pounds  of 
sa.lt: 

39.4  inches  -  28  Be'.    48.2  inches  -  23  Be ' , 
40.8     "    -  27  "       50.5   "     -  22  " 

42.5  "  -  25  "  o3.0  "  -  21  " 
44,1  "  -  25  "  56.3  "  -  20  " 
46,1     "    -  24  " 


/^C/S/O/V  CHjt/^G/Ni 


Ccilculations    of    irches    (in   charging"  tank) 
for  different   gravities    are   wrong    (as  46,1   = 
£4°  Be'.,    etc.).      These,  calculations  may  have 
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The  average  difference  in  inches 
per  1°  Be',  is  2,1  inches  from  35C0  pounas  of 
salt  at  95°  C,   Theiefore  the  average  Differ- 
ence in  inches  per  lc°  of  temperature  is  S.l 
inches  or  approximately  one  inch  for  5°  differ- 
ence in  temperature. 

Theiefoie  since  the  kettles  are 
charged  with  35C0-^600  pounds  of  soda  salt 
solution,  one  inch  of  chaige  should  be  added 
to  the  number  read  on  the  chart  calibrated 
for  95°  C.  for  every  5°  G.  below  95°  C. 

Hence  for  a  temperature  of  - 

90°  C.  add  1  inch  of  liquor 


850  Q. 
80°  C. 
75°  C. 
70°  C. 


2  inches  " 
3 

4 
5 


Then  for  a  charge  of  £8°  3e'.  Hcuor 
of  3500  pounds  at  75°  0 ,  ,  we  wouIg  a,dd  39.4 
and  4  inches  which  is  43,4  inches  of  liquor. 

It   is  my  opinion  taa,t  the  above 
figures  i^ie    in  error.  "lYen   the  mathematical 
calculations  of  inches  (in  charging  tank) 
for  different  gravities  are  wrong  (as  46,1  r 
24°  Be'.,  etc).   These,  calculations  may  have 


been   coirect   for  a.   certain    tc;.nk,    but   not    for 
the   existing  tc^nks    of  17,6  gallons   per    inch. 
IvO     tillowance   was  made    for    impurity,    of  salt 
in  a   first    chart.      A  second   revised   chart 
allowed   for    five  percent    impure   solids,    and 
this   might    better   have   been  ten   percent    as    one 
can   see   from  the    following   fusion   table.      it 
is  this   second    chart    that    I   am  repioducing, 
using   the    fi^^ui-eE   uS   quotec    in   the    above 
report.      This   chait   although   incoiiect    served 
the    puipose    and    was  to   all  practic:;.l  pui  poses 
^'ust   as   good    as    one   lOC  percent    correct. 
Correct   or    incoirect   the  chart   will   give  the 
reader  the    idea. 

Figures   that   may   be   nearer   correct 
(although   I   cannot    vouch   foi    them)    aie   as 
follows : 
OBe' ,-950c.      lbs. /gallon      °3e' .- 95C .      Ibs./sal. 


5 

.70 

17 

3.05 

6 

.88 

18 

3.26 

7 

1.06 

19 

3.48 

8 

l.£4 

20 

3.55 

9 

1.43 

21 

3.75 

10 

1.6E 

22 

3.90 

11 

1.82 

23 

4.05 

12 

2.01 

24 

4.25 

13 

2.21 

25 

4.45 

14 

2,42 

26 

4.60 

'15 

2.63 

27 

4,75 

16 

2.84 

28 

4.92 
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(See    chapter   on    "FethodL    of    Analysis" 
for    a  table    of   specific   gravities   at    aS*^  C.) 
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-   SOKE  DIFFICULTIES   of   the  FUSIOl.  ROOK  - 

'Vlien   the   plant    was   iiew  considerable 
trouble    was    experienced    in   the    xusion  i-ocm. 
Fusions    were   moved   from  the    kettles   with   the 
aid   of   steam   syphons.      At    the   time    I    first 
went    with  the   plant,    fusions   were    being 
syphoned   diiectly   to   a   trough  and    a   connected 
circulating-    tank  located    in  a  pit  below   the 
kettles.      From  this    circulating   tank  the 
fusions    were   pumped   to    the    separators   for 
acidification.      This    ciiculatir-e,   tank  was 
made   read^    for  a   fusion   by  dioppin^    into   it 
150-200  galloiis    of   v/ater   and    circulating'   it 
from    "tank  to   ti  ough"   and  then   flD-win^;    it 
back   to   the   tank  by  ^^"ravity,    etc.      The    ob^tct 
of  this  circulation  was   to  keep    the    fusion 
matei ial  from  freezing   and    clogging  the    path. 
1,'uch  ti'ouble    -was   had    with   the   syphons    (one 
foi    each  kettle),    trough,    tank,    and   the    cen- 
trifugal  cii  culciting  pump.      The    syphons    v/ere 
short-lived,    always  being    eaten   away  by  the 
hot    fusion    (and   excess .  ca.ustic  ) .      The   trough 
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and    taxilc  developed   leaks,    ano    the  ■  pump   i-e- 
quired   constant  packing.      From  this   instal- 
lation  the   next   chant;'e    wac    to   put    the    circu- 
lating tank    into   an   adjoining   room  vvheie   work- 
men   could    get   at    the    pumps   moie   ei-,&ily.      In 
this    tank  the    circulation   was   out    the    bottom 
and    in   the    top,    and    instead    of   a  ti ough  a 
5-inch  pipe   was   used   to    which  all   the   kettles 
were   coniiected  by   short    leads.      7he    syphons 
were  placed    at   the    kettle    enc    of  the    leads    and 
their  function    vVtiS   to    suck  the   fusion   from   the 
kettle  and   force    it    to   the    circulating   tank. 
This   was   not   satisfactory    as    the   fusion   solidi- 
fied  in  the   met  in   before    it    reachec    the   circu- 
lating tank  and  as   a  lesult    the    line   had   to   be 
torn  dov/n   and    steamed   out.      The    s;  phors    were 
then   changed  from   the  position  next   the   kettle 
to   one    directly    over   the   circulating   tank,    and 
instea-d    of   having   one    for   each  kettle    one 
served   for    about   eight    kettles.      Leaks    in  the 
lines   then    bothered   -   but   even   so,    this    arrc;,nge- 
ment    worked   fairly  well.      "Freeze-ups"   still 
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occuri-ed    often   and   especially  at    shift   chan^-es. 
It    v/as   customary   to   flush   out    all   used    lines 
with  hot   water   to  remove  any  solid  matter.    The 
next    improvement   was   to  do   away  with  the    syphons 
(largely)    and    blow  the    fusions    to   the    circu- 
lating  tank.      The    circulating   tanks    still   gave 
trouble    so   the    final  step    was   to   blew  the 
fusions   directly  to   the    septtiatois. 

At   the    same    time    the    trough  and 
circulating  tank  were    in   use,    and  up    t o  a 
short    time    a,fter    the    fusions   were    blO'Mi    vvith 
air,    the   fusions   were  melted   by  applying  water 
through    the    syphons.      '.7ater  applied   like    this 
at  the    bottom  and   near   the    suifu.ce    of    the 
kettle   cracked  the    kettle.      At    this    time    a 
verr;   fail    life   for    a  kettle    was    one    month. 
Some    kettles   lasted   only  two   weeks.      I.  ot    only 
was   this   a   costly  and   disadvantageous    oper- 
ation  but    it    was    a  dangerous    one    too.       Taen 
water  was   applied   through   this    syphon,    steam 
issued    forth  from  the    top    of  the    kettle    in 
great    clouds   cind    often  fusion  natter   spatterea 
and  blew  to  the    roof.      I   have    seen  whole 


fusions    expelled   from  the    kettle    with   this    pro- 
cedure.     It    was  a   thrilling  proposition   for   an 
on-looker   to  be   any  place  near   a  fusion   that 
was   being   melted  up    in    this    manner,    let   alone 
the  position   the   melter   took  at  the   ena    of   a 
lO-foot  Vcilve-extension   rod.      The    lutcr     method 
of   melting   from   the    top    lengthenec-    the    life   of 
a   kettle   from  1    to   5  months   and    eliminatec    the 
unnecessary  delays    of   £4-48   hours   required    to 
take    out   the    old    kettle   and   jjut   a  new   one    in 
its  place.      7/ith   the   new  way   of  melting,  the 
ferocious    steaming  and    spattering   of  old   was 
subdued  to    that    of   the   meekness    of  a   lamb   <a.nd 
the    fusion   room  became   parlor-like    in   com- 
parison . 

At    the    time    I   went   to   the   plant, 
some    trouble    was    being  had    with  the    stacks, 
both  to  the    kettles  and   fire  holes. 

The    stacks   to   the    kettles   had    ''hangs" 
form   in   them  which  partially   clogged  them.    This 
made   for   bad   operation   on  the    fusion   floor. 
Funnel-like   sections    helped   to   eliminate   this 
trouble.      Then   at   the    suggestion   of  a   laborer 
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(a  Polt    who   could   not    talk   Snelish)    spiays 
were   put    in   the    stacks,      To^-ether    these   aids 
kept    the    stacks    clear. 

During   this    same  period    goodly 
quantities    of   fusion  matter   were : blown    to   the 
roof  dui-ing   the    melting   operations.       If   there 
was   no   wind    (and  this   was    seldom)    the    matter 
fell    on   the   roof   and    was   it covered,    but    if 
there   was    a  wind      it    scatteied   bioadcast   and 
v/as    lost.      Often    times,    I   have    seen    it    thick 
enough   upon   the   ^.round    to   make    a  print    of   a 
show   in    it    like    in    snow.      To   eliminate    this 
loss   to   the    roof,    very   efficient   baffle-caps 
were   placed  on   the    tops    of   the   stacks.      These 
had    a  tendency  to  make    the    stacks   lefluxing. 

The    fire-hole   stacks    becam.e    clogged 
once    in  a   while    from  poor    combustion,    etc, 
','/hen    they   could   not    be    cleaned  by  dropping   a 
brick  covvTi   thiough  them  from-  the  roof,    they 
had    t 0  be    toin  down   and   cleaned   by  hand.    One 
could    often    forecast   a   clogged   stack  by  the 
way   the    kettle   heated.      A  kettle    that   was   un- 
usually difficult   to   heut   generally  told    the 
storv , 
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The    caustic    soda  was  handled    in   sort 
of  a  crude  way   but   even   at    that    I  believe    it 
was  the   best.      The    large   drunis    of   caustic   con- 
taining  675  pounds    (net    weight)    were    hamr.aered 
such  that    the   solid   mass   was   cracked   and    broken 
up    and   the    sheet    iron  drum  remainec    intact. 
This   drum  was    then  rolled    in    on   the    fusion 
floor   to   a  position    in   f i ont    of  a   kettle.      A 
caustic   hand    then  ripped   off  the   drum   or   sheet 
iron    shell    with  the    aid    of  a    shovel,    whence    the 
bioken  tind    ciacked   caustic    fell  ij,pt*it    into 
chunks   the    size   of   a  man's  head.      These   chunks 
weie   then   thro/m   or    shoveled    into  the    kettle 
by  hand.      A  year    back   the    diurns    weie   hama:ered 
with   sledges   by  hand,    but    later  a  very   ef- 
ficient   trip   hc.mmer-like   affair   did  the   work. 

Som-ebody  haa    the   brilliant    idea 
that    crushed   caustic   would    melt    in    less   time 
than   the    lump   caustic   and   at    the    same   time  be 
easier   to   handle.      The   i-esult    v/as    a  ^re^^t   big 
"v^hite   elephant"    of   a   crusher   building  and   a 
crusher    in   it.      The    drummed    material  was    freed 
from  the    drum  and    then   broken   up    into  pieces 
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small   enough  to   feed   to   the    crusher.      The 
crusher    WiiS    started  and    theie    vi/as    so  much  dust 
made    thut   the    operator   had   to    leave    the   build- 
ing.     The  resulting  product    was   drop^-ed   to   a 
small  car   and   then  pushed    to   the    kettle   to   be 
charged.      The   attempt  was  an  utter   failure   be- 
cause  it    took  tv\dce   us    loni--  to   melt    this  ma- 
terial   as    it    did    lump    caustic.      .^Iso  the    ciush- 
ing  Ox^ercition  c.nd   the   handling   were   made   diffi- 
cult  by   the   great    quantities    of  dust. 
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«    EXPERIIvrSETAL  FUSIOKS    - 

About    40   fusions,    extencing   over   a 
peiiod  of    7   or   8    vveeks,    v/eie   followed   through 
from  beginning   to   end,      I'easuiements   and    samples 
7/ere   taken    of  all  raw  matei  it^-ls    and   finished 
pioducts.      A  complete   ci.nal^'£is   was  made    on   the 
soda    salt   and    the    phenol   content    was  deteimined 
in   the   fusion  melt,    crude    phenol  and   vvaste 
liquor.      The    caustic    v/as   sampled   by   the    batch 
and  not    by  the    individual  can.       It    was    very 
pure,    running  around   9S-99   percent. 

The   ca.ustic    chaige  was   noted   when    it 
was   put    into  the    settle,   and  the    sodb.   salt    was 
accurately  measured    into   a  Cdlibiated  mecasuiing 
tank  and   the    specific  gia.vit:    and    tempertiture 
tc«.ken.      Fusion  melt    a.nd    Wi>.ste    liquor    ./.eie 
measuied    in  a.   calibrcitea    &eparc;.ting  td.nk.      The 
crude   phenol  was  measuied    in  the    ciude   storage 
tanks. 

Several  graphs  'weie  made  and  -^  biief 
and  somewhat  disconnected  discussion  was  drawn 
up    on   the    same.      It    was   found   difficult   to 
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draw  any  hard   and    fast  'conclusions   due   to   the 
many  variables    involved,    a  few  of  which  aie: 
Ratio  of   soda   salt    to   caustic,    impuri- 

ties,   fire,    fast   and    slow  kettles,    duration 
of  cook  and    agitation,    etc.,    etc.      One 
constant    is    the    tem^jerature    (of   the    caustic 
bath)    at   which  the    soda  salt    is    charged   - 
namely  300°   C. 

I   have   assumed  heat   energy  varied 
directly   as   the   duration    of   the   fusion   oper- 
ation;   that    specific   heat    of   solids    (soda 
salt    and  Ea£  SO4   etc.)    is    .3  B.    ?.    U.    which 
is   theoretical;    that   B.    T.    U.    multiplied  by 
houiE   equals   heat   hour-s    - 

-   on   the    G-raphs    - 
1   lb.    HgO   from  So'^   C.    to    Steam  =    (approx.  ) 
lOOO  B.T.U,         1   lb.    Solids    from  80°   G.    to 
300C    C.    =    (approx.)    120  B.T.U.        Heat  hoiJT'S    = 
(B.T.U.    required  to   take   the    v^ater   from  60°   C. 
to    steam)    -f    (B.T.U.    required   to  laise    the 
salts   or   solids    in  the   chaige    from  60°   C.    to 
300°   C.) 


i  :v^*^ 


/¥^/9r-  /VO^/515" 


r//^£ 


M^A^l 
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Time   equals    that   time    required    to 
charge   a  fusion    (exclusive   of  the   cook). 

Soda  salt    to   caustic   latio    is    the 
actual  ratio   of  pure   soda   salt    charged,    to 
the    caustic   used    in   the    fusion. 

Efficiency   is  based   on  the    soda 
salt    iL   the    cha.rge    and  phenol   content    of  the 
"melt. 

"X"   salts  mean   pounds   of  foreign 
solids    (ijao   SO4   -  Hag  GO3   -   traces   of  calcium 
salts). 

The   time    of  charging  a  fusion    (chart 
1)    inci eases   as   the    specific  gravity   of  the 
soda  salt   decreases,    01    as  the   ratio   of   water 
solids    increases    (chart   2)    and   as   the    charge 
increases.      This    is   as   one   would    expect. 

Duration    of   charge    (chtxrt   4)    in- 
creases  to    a  maximum  as   the    "X"    salts   decrease 
from  a  maximum  to   about   12  percent    of   the    total 
solids,    and    then   decreases    as   the    "X"   salts 
approach  a  minimum.      This   may    mean  "that    a  soda 
salt    with  a   12  percent    impurity   absorbs   more 
heat    or    is   capable   of  greater   reaction  and 
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requires   a  greater    quantity   of  heat,    than 
otheiwise,    to   start    this    reaction. 

The    efficiency    (chait    3)    inci eases 
rapidly    for   a  compaiat ively   short   time    at    the 
std.it   and   then  decreases    as   the   time    increases. 
This   may   be  uue    to  the    _-reat   excess   of   Cc^ustic 
sooa   v^ich    is   present   at    the    start    (mass 
action),      AS    the    time    inci eases    this   excess   of 
Caustic   decreases   and   the    soda  salt    and    "X" 
salts    increase, 

Diphenate   and    decomposition   products, 
along  with   the    wasta^^-e    of  soda   salt,    by  charr- 
ing,   lov/ei    the   efficiency. 

The    efficiency   of   a  fusion    (chart    5) 
approaches   a  maximum  as    the    ''X"   salts   appi'oach 
12,  percent    of  the    total    solids  and   then  de- 
creases as    tne    "X"   salts    increase   further. 
Considering  3840  pounds   as   an   average   total 
solid    content    of  a   chaige,  12  percent    of    "X"  salts 
would   be    about    400  pounds. 

The   efficiency   inci eases    (chart    7) 
as   the    latio    of  soda  salt   to   caustic   de- 
creases  to   a  point    lepresenting  1,66,      A 
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lower   ratio   means    a  vi/a'ste    ii.   caustic    as  the 
curve    tends   to   follow  a   strai^jht    line    parallel 
with  the    efficiency  axis. 

The    efficiency    increases    (chait   &) 
and  approaches    lOO  percent    as    the   soda   salt 
caustic  ratio   approaches    1.56  and    the    soaa  salt 
purity  approaches   Sb   percent. 

Theoretically   an   exotheimic    reaction 
is    furthered   when   cold   is    applied   or   when  the 
heat   of  reaction    is   lemoved   fiom   the    sphere   of 
reaction.       "Soda   salt   plas   caustic    to    the    for- 
mation   of  phentite"    is    an   exotheimic   leaction, 
and  a   condition   of   the   reaction   is   a  molten-bath, 
Theoiet Ically,    all  heat    over    that   necessary   to 
maintain   the   bath  molten    should    be   removed. 

•     During  the    period    of  chargin,^,    the 
heat   i-e quired    to  vaporize   the   water  and    to  rais  e 
the    "X"    salts    in   the    charge   s^-tisfies    the    d.bove. 
I   believe    it    is    the   evaporation   of   the   water 
that    removes    the    bulk   of   the   heat    of  reaction, 
and   makes   a  wet    fusion   more    efficient   than   a 
dry  fusion.      "/hen  the    charge   is   all   in,    the 
fire   under    the   kettle    should   be    removed. 
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Ideally  the    fire    chamber   should    be    cooled   im- 
mediately to   a  temperutuie    ^'uLt    gi  tat    enou^-h 
to   maintiiin    the    bath  molten.      The    "X"   salts    such 
as  Eag  30^,   Ea^  CO3  and  Ea^   S   are   infusible   at 
325°   C.    so   they  must  exist   as   a  suspension.      In 
this    conaition   these    impuiities    may   act   as    a 
cairiei    to   remove    the   heat    of  iea.ction,    or  per- 
haps  raa^'    act   as  positive    catalytic    agent. 

Efficiency,    then,    ap^i caches   a  maxi- 
mum  when   the    impuiities    (Eap   SO4,    etc.)    appioach 
12  percent    of   the    total   solids    in   the    charge; 
the    soda  salt   to    caustic  appi'oaches    1,56,    and 
the    concentration   of  the    sodci   salt   approaches 
a  maximum  lather  than   a  minimum.      Six   or   seven 
hours  v/ith  the   proper    fire   should   be   about    the 
correct    time   rather  than   three    or   four    hours. 
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The    LIBSEATICE    of  CHUTE  PHEEOl  and  the 
RECOVERY  of   PHSl.OI   in    the    '.YASTE   LIQUOR. 

After  a  fusion  was   finished   with 
the    fusion  room,    it    vvus   blo'vvn   to    a  so-called 
separator,    or   cone    -   bottom  acidulating  tank 
in  the    sepuiatirig  room,    vvhere    it    was   agitated 
with   air   and    diluted   with  cold  water   to   about 
25     Be'.    A  lead   cooling-coil  and   cold  water   of 
dilution   brou^.t    the   temperatur-<2  to   60°   C. 
After   the    coirect    Beaume'    had   been    obtained 
(with  agitation  ano    cooling  water   on)    40°   3e » , 
sulphuric    acid   was   aropjec.   slov/ly  beneath    the 
surlace    of  the    diluted   fusion  until  a  sample 
of  the    Same    showed  faintly  acid    .vith  phenol- 
phthalein.      Agitation  was   then    shut    off  and 
the    sulphite,  which  was   foiraed    in   the    lusion 
kettle    along  with   sodium   sulphate    foimed  curing 
acidification,    settled   to   the    bottom   of  the 
separator,    and    the    liberated  phenol  rose   to 
the   surface   and   floated  as   an   oily    lir.uid. 
After  an  hour  or   so   the    salts   and- waste   liquor 
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were   drawn   off   at  the    bottom  and    pumped   to   the 
waste    recovery  builuing  and    the   phenol  v/as 
allowed    to  drop   to   the   crude    storage.      There 
was  provided   a  si^ht   glass  at    the   lower   end    of 
the  cone   so  that   the   opeiator   could   make    the 
cut   from  waste    liquor   to  phenol    without    delay 
and    waste. 

Cg   H     Ola  -f  Hg  SO.    ■> 

3124  13£2 

2  Cg  H^  OH  +  Ea^   SO^ 
£531  1915 

-    Tns  REACT  I OL    - 

For   a   time   acidulations    weie    con- 

ti oiled   by   the   St arch-Iodate   method    of   indicating 

sulphurous    acid    or   SOo.      It    was    found   that    the 

fusions    were   acid   v/ith   SO.-,   to   phenolphthale  in 

£ 

5-10-15   minutes   bef oi e    the    Starch  lodate    indi- 
catec    acidity.      At   this   time    a  deteimination   of 
SOo   ^'^^s  made    on   the    waste   liquor.      A  composite 
Eam;ple    of  a  day's   run  gave   4,55  percent    of  free 
and   5.13   percent    of   the    totd   SOg. 

A  previous    "Time   Reaction"   experi- 
ment,   Ccirrie'j    out    by  m.yself,    will  explain   this 
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time    interviil   before    acidity  was    appaient   with 
Starch-Iodate. 

"Prepar-e   one   solution   by  dissolving 
1.8   grams    of   iodic  acid    of   the  ecuivc^lent   amount 
of  potassium   iodate    in   one    litre    of    vater.   Pre- 
pare  a   second   solution   v/ith    .9    grams    of  Fa^   SO3. 
7  HoO,    5  grams   of   10  percent   sulphui-ic    acid   and 
9,5   grams    of  starch    in   one    litre    of   v/ater. 
Measure   100  cc,    of  each   solution,  into   separate 
"breakers,      rix   these    two    lOO   cc.    portions  at   a 
definite    instant    and   note    the    seconds  until   a 
deep   blue   color    suddenly   appears.      Repeat   for 
a  check.      Then  make    dilutions    of  the    solutions 
to   4/5,    3/5,    2/5,    and    1/5   of  their    original 
strength,    and   determine    the    elapsed   time    before 
the    blue   coloration   appeals    as  above.      The 
results   are   repiocucible    and    comparable    only 
when   the   tempeiature    of  the    solutions   does  not 
vary  appreciably.    (18°  C.) 

Dilution   of  Time 
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"After    the    6/3  dilution,  oi'    Etarting 
with  the    5/2  dilution,    the   tir.ie   was    ta-ken  at 
the    first   change    in   color    which   v>fa.s   pink.    This 
pink   tumel    to   deep    blue    (of   the    first    three 
observations)    aftei    thiee   or   four    seconds   had 
elapsed.      The    fourth  and    fifth  dilutions   did 
not   take    on   the   blue   color    at    all   until   one 
hour   had   elapsed    and   then   veiy  slowly. 

"If   a  solution   of    iodic    ci,cid    is 

added    di op   by  drop    to   an   aqueous   solution   of 

sodium   sulphite    acidifiea    vvith   sulphuiic   acid^ 

the    solution   first   remains    colorless. 

3  H,-.   SO^   +  HIO^   i* 
^3  ^ 

Hg   SO^    +   HI. 

"'Vith  f mother   addition   of   iodic    acid 
all   the    sulphurous   acid    becomes    oxidized,    the 
reduction    continuing;  at    the    expense    of   the 
hydriodic   acid    which   has    been    formed. 
HlOg  "f   oEI    >      3H-0  +    SIg 

"Thus    if  an    acidii'ied   solution    of 
sulphite    is    treatea   with  moie   than   a  mole    of 
iodic   acid   a   separation   of   iodine   occurs;    if 
the    solution    is   coneenti^ted ,    this   separation 
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takes   place    immediately;    if  dilute,    only  after 
some   time   and    then    suddenly  and   completely. 
"This  very  remar-kable   retardation 
reminds    one   of   the  phenomena   of   super- cooling, 
supei -heating,    ana    super-saturation,    but    it 
is   different    inasmiuch  as    the    leaction   takes 
place   in   a  homo^^'eneous   medium  cina    is   not 
followed   by   sepaiation   of  material    in  another 
state    of  ag^'regation," 

From  the    crude   storage   the   crude 
phenol   was  pumped   to   dehydiating  stills   pre- 
paratoiy  to   vticuum  distillation. 

A  fusion   was    diluted   to    £5°   Be', 
because   at    this    dilution   a  cleaner   and    Quicker 
separation   of   the    waste    liquor   and    crude 
phenol   took  place.      This   measurement    of  BeaumiC' 
was   taken   after  the  volume   had    been   well 
agitated   and    the    excess   sulphite    was    in   sus- 
pension.     At    68,3°   C.    phenol  and    Water   are 
completely  miscible    in    all   piopoitions,    and 
it    vvas   for    this    reason   thcct    the    tempeiatui-e 
of   tne    diluted   fusion   Wc.s   lowered  to   6Q^   C. 
or   thereabouts    to  allow  for   a  fair  margin  of 
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safety,      'Vith   pure  phenol   in   contact   with 
v;ater   at   60°  C.    100   t^rams   of    the    phenol    layer 
will  coLtain   55  grams    of   phenol    (55  percent) 
and   100  grams    of   the    water    layer   will   contain 
17  grams    of   phenol    (17   percent).      In   the    se^ja- 
rator  v/ith    the    concentrated   salt    liquor    (E5°  Be')    • 
there    was    enacted  a   salting- out   eiicct   to   the 
extent    of  about   80  peicent    phenol    in   the   phenol 
layer    and   lo   to    11   grams   per    litre    in   the   waste 
licuor    layer. 

This   temperatui-e   control  was   not 
strictly   adhered   to   and    consequently,    now  and 
then,    an   acidified   fusion  lefused    to   sepaiate 
into   the   phenol  and    waste    liquor   layers, 
Generally  a    little    cold   water    added     lowered 
the    temperature   and   bioke    the   miscibility. 

Once    in  a   great   v,/hile    an   acidified 
fusion    vvould  Jiake    a  poor   separation.      The 
phenol   would   come    to   the    surface    in   the    form 
of   little    independent   globules    or    curds.      A 
sample    of  this   mateiial   when   dropped    into 
distilled   water    (or   tap    waiter)    rapidly   sunk 


to  the    bottom  and   when   shaker:   rolled   about   like 
little   globules    of   oil.      If  a  little   acid   was 
added   and   the   mixture    shaken   and   then  satura.ted 
with   coffimon   salt,    the    phenol  gradually  lose   to 
the    surface. 

AS   with    the    sample,    on  adding  more 
acid    to   the    curdy   separation    in   the    sepal'ator 
and   applying   air   agitation   and    then  clicking 
to   settle    once   more,    the   phenol    vvoula   lise    to 
the    surface    in   the   usual  way,      I   believe    this 
curdy   separation  was   due    to   the    solutioi^   of 
soda  salt    in   the   phenol,    for   since    then  great 
quantities   have   been   found    in   the   lesidue    of 
the    stills,    and    soda   salt    couJ.d    not   ^et   into 
the   stills   unless    it    was   coiitained    in   the   crude 
phenol. 

After    the    air  agitation   was   shut 
off  and    the   acidified   fusion   had   been   allowed 
to   become    quiet    one    would    find   a   bank   of 
sulphite    and    sulphate    in   the   bottom   of   the 
separator,    waste    liquor   above    the    sulphate, 
and   a   liiyei    of  crude    oily  phenol   on   the    surf<a.ce 
of   the    waste    liquor.     .The    vva,ste   liquor  was  run 
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off  and   pumped    to    the    lecovery    builaino".      Then 
the   phenol  was    dropced  to   the    crude    storage 
after   which  the   salt  was   flushed   d ovm   and    also 
pumped   to  the    recovery  builc ing. 

Considerable    trouble   -was   exptiienced 
with  freeziing   of   the    waste    liciuor    lines    irom 
the    separators    to    the   recoveri.    building.      This 
was   especially  tiue    in    cole    weather.      These 
lines   were   made   up   of   lead   pipes  lun    in    iron 
pipes.      Generally  by  playing   a    ^et   of    steam 
on  the    outside    of   the   pipes   one    could   loosen 
up   the    he^.vy   solidified   mattei    inside,    but 
should    this    fail  the    lines   had    to   be   to-ken 
apart   and   steamea    out    with  high  piessui-e    steam. 

The   waste    liquor    ana    the    salt  wei-e 
received   in  two    large   storage   tanks    in   the 
recovery   building.      The   heavier   salt   liquor 
was  piomped   off  at   the    bottom   of    these    tanks 
(as    it    is  needed)    to   the    lime   tubs.       The 
cleaner   liquor   above   the    salt   was   pumped 
through   two  heaters    (a  and  B)    to   the   top    of   a 
battery   of  three    columns.      The    liquor    flowed 
down   through   a  nipple   packing   and   mt^t   an   80- 
pound    -'et    of  up-comiing  steam.      The   phenol 
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was   clebined   out    of   the    liquor,    virtually,    by 
£tea,m  distillation.      The   cleaneu   liquor    then 
flowed   out    the    bottom  of  the    columns   to  the 
sewer.      a   second    battery   of   thiee  coliiir.ns   and 
two   heaters    was   available    for  use    so   that   the 
first    battery   could    be    steamed   and   flushed    out 
without    interrupting   operation.      Initially  it 
was   proposed   to   absorb    the   phenol  irora   the   ais- 
tilled    waste    licuor  vapors   by  circulating   a 
Caustic    solution   throUe,h  the   col^j^iins.      The 
great    amount    of   SOg    (5   peicent)    in  the   waste, 
however,    soon  neutralized  the    caustic   and    made 
it    worthless. 

The    steam  tiaveled     up    the    column, 
cleaned    the   waste   liquor   and   then  passed  dcv/n 
throuth   a  water-cooled   condensei-,    the    condensate 
being  received    in   tanks   below  the   columns,      on 
the   way  d  07/n  the  steam  passed    through  the   heater 
"B"    where    some    of   it    'vvas   condensed.      This    con- 
densate  dropped   into   a   seal-leg  and  was    syphoned 
to   tht.   leceiver   with    the   rest    of  the    condensate. 

The   temperature    of  the   liquor    in  the 
storage  tanks   was  about    50°   G.jthat  entering  the 
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live  heater  75°  C,  and  that  entering  the 
c  0 lumn 2  ahout  90°  C.   The  temperature  of  the 
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live   heater   75°   C,    and    that    enterir.g   the 
columns    about    90     C.      The   temperature    of   the 
cleaned   liquor  to   the    sewer   was    l00-l0l°   C, 

About    5500  gcilloKE    of    vvaste    licuor 
were   cleaned    yer  hour    with  d.bout    3b   percent 
efficiency.      ?he   oher.ol  condensate    contained 
about   60  grams   per   litie   and   amouiited   to 
&00-900  ijallons   per   hour.      This   condensate 
was   pumped    to   the    separators    as    it   Wc.s   formed, 
and   seived   to  help   make   dilutions, 

P'ormerly  the    liquor  to   the    colunu.s 
was  pumped    off  at   the    bottom   of  the    storage 
tanks  and    considerable    trouble    resulted.      De- 
composition matter    of    the    fusions   mixed   -.vith 
the    salts    of    the   waste    liquor    coated   the 
nipple-packing,    and   all   but   clog£,'ed  the   columns 
except    for  a   small  vent   up   t  o   the   centei.    This 
coating  being   tarry   and    insoluble   could   not    be 
steamed   nor    washed   clear    of   this   packing 'but 
had    to   be   lemoved   by  hand.      This  meant    opening 
up    the    column.      It    was   found   that    a  veiy  good 
way  to   clean   them,    when   neeced,    was    to  put    than 
in   a   conciete  mixei    and   i oil   them  about    with 


plenty   of   flush  waiter   and    Gteam.      The   heaters 
also   became   clogged   with   this   matter   and    it    was 
v^ith  ei'reat   difficulty   that    these    vveie   poked  and 
chipped   clean.      latei-  a   steam    jet   applied  nov; 
and    then   to   the    salt    banks    had   a   tendency  to 
break  them  and   flush   them   thi ough.      The   appli- 
cation  of   these   steam   j'ets,    every    24   hours, 
increased    the    life    oi   the   heciters   over   that 
of  the    aveiage. 

Liquor    from  the    sepal ator  room   to 
the   lecoveiy   building,    from  the    storage    tanks 
to  the    columns,    and    from  the    stoiage    tanks    to 
the    lime    tubs   was   handed   by  centiifugal 
pumps.      The   pump    -.vhich  delivered   the    liquor   to 
the    lim.e   tubs   ran   all    the    time.      ',Yhen   the 
liquor   v/as   needed  at   the    tubs   the   i^roper   valve 
was   opened,  and    .vhen  not    it    v/as    closed.      '.Vhen 
it    was   closed,    the   pump    cairied  no   load    and 
needed  no    attention  except    oiling  and  packing. 
Initially   "lorthington   piston  pumps    v.ei.  e   used 
thiouj;^hout    the   recovery  building   but    later   were 
replaced   with    lool-pioof   centrifugals.      If   by 
some    caifc lessness   a  valve   was   closed   on   the 
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delivery   line    of   a  plunger  pump,    borne thin^:   had 
to   give   and   this    was  generally  the  packing  and 
sometimes    the   pump    itself.      Later   the   centrifu- 
gal pumps    in   duplicate    were   used   thi  out:hout    the 
building. 
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-   DISTILIATIOI;    of' the    CHUDS  rHEl.;OI  - 

From  the   crude    storage   the   80  percent 
crude   phenol    containing  salts   and    .vater   was 
pumped   to   dehydrating   stills   with   a  centrifugal 
pump.      Here   60  percent    of   the    contained   vvciter    is 
removed  at   atmospheric   piessur-e    with    lob  pounds 
of   steam   on    the    coils. 

In  the   new  plant    the   dehydrating 
capacity,  was  great    enough   to   dehydiate    all  the 
80  percent    crude   pioduced,    preparatory   to   the 
vacuum  distillation.      In   the    old   plant    the    ca- 
pacity  was    only  about   one-third   as   laige    as    it 
should  have    been. 

The    idea  of  dehydration  preparatory 
to  vacuum   distillation   v/as    to    shorten   the    time 
of  vacuum   still  opeiation,    thereby  making  a 
smaller   vacuum  capacity  do  the    woik   of   a  greater 
vacuum   capacity  using   crude    without    prelim.inary 
dehydiation.      This   makes   for    a   saving    in   space, 
time   and   labor. 
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The    time    to'  dehycrate      a  batch  of  6C 
percent   crude   was   about   5  hours,      thut    for    the 
vacuum  distiHatior.   of   the   dehydrated  material 
6    or    7  houis.      If  the    complete   distillation  had 
been  made    in   the   Vc^cuum    still,    the    time    required 
would   have   been   lH   to    14   houi's. 

The   vacuum   distillation   <a,pijaratus 
(Badger)    consisted    of  the    still   boay,    column, 
dephlegmator,    condenser,    water   or   forerun  re- 
ceiver,   2   enamelea    phenol   leceivers    located    in 
the    phenol   weigh  loom    (one    to   be   used    vvhile   the 
other  vv'us    being:   emptied),    ^vatch  ^-lass,    and    wet 
vacuum  pump   with   oonnectina  vapor    lines. 

The    still   body  was   chcii^ed  v;ith  crude 
to   within  i^bout    1£   to   18    inches   of  the    top   by 
mei-ns   of   a   cast-iron   centr iiugci-l  pump.      Too 
greut   a   charge   will   boil   over.      The   vent    in   the 
kettle    was    left   open,    the   valve    to   the    column 
was   opened  and   a   full    stream,   of  water  was   run 
to   the   dephlegmator   and   condenser.      The    steam 
at    135  pounds  was  put    on  the    kettle    coils   and 
allowed   to  remain   theie    'till   the    column   was 
hot    to   the   touch,    afte.i    which  time    it    was   shut  . 
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off  tia;ht   and    then   agair.    applied    slo.vly   to   avoid 
a  rush   of   vapor.      As   the   '//citei    started   trickling 
through  the   watch  ^^^lass   the    volume    of   steam  was 
increased   till   the    flow  of  condensate   was    about 
the   size   of   the   first    tv/o   fin^-ers.      As   the    flow 
of  condensate   decreased  the   water   on   the 
dephlegmator  was  decieased   both   in   rate    of  flow 
and   height  until    finally    it   w<=.s   diy    und   lull 
stea,m   was   on   the    kettle    coils.      "-Tien  the    flow 
of   condensate    stopped   under   these    conditions, 
the    steam   was    shut    off   and    the   contents    of  the 
still   allowed   to    settle    for  a   few  minutes.      At 
this  point    in   the   process    the    bulk  of  the   water 
wa.E    off. 

From  now  on   the   distillation   pro- 
ceeded  under   vacuum.      All    aii-   vents  wer-e  closed, 
the   vacuum  valves   on   the    foreiun  anu    phenol 
receiveis  weie   opened    ana    the    vacuum  pum.p 
started    slowly.      The   dephle^-mat or    was   filled 
again    to   check   a  vapor    rush.      In  15   to   20 
minutes   the   vacuum  had    reached   24    or  25    inches 
of   meicury  and   the   condensate    flow  had    started 
again.      To   increase    this   flow   the    volume    of 
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steam  was    incieased   and    the   v.ater  decieased   on 
the   dephlegmator .      One   who   was   fumiliai    v/ith 
the    indi^^idual   stills    could   almost   bridge   the 
gap    from  atmospheric    to   vacuum  distillation  and 
maintain   a   flow.      There  was    a  break  with   the 
best    of  opert^tion   but    of   short  duration.      This 
forced  distillation  means  more  phenol    in    the 
foieiun  receiver.      As   the    tempei-atuie    on    the 
kettle    indicatec   phenol    in   the    kettle   vapors, 
the   ;'iiect   water    //as  cut    off   and    the    circulat- 
ing  pump    (centrifugal)    was    star tea.      The   hot 
vapors  passing   through  the    condensei    warmed   the 
circulating   .vatei    to   42-45°   G.    and  b;;.    running 
cooling    .vater   thi'ou^h  the    cooler    this   temper- 
ature  was  maintained. 

After   the    circulc;,ting  pump   was 
started    one   haa    to   watch    closel*-  foi    the 
water-free  phenol   flow.      Samples   were    taken    in 
the    -Vielting   tubes   and   the   melting  points   v/ei-e 
noted   and   when   the    coi-rect   melting  point    was 
reached   the   receivers    were   switched   fi-om   foi  e- 
run   to   phenol.      This   watei-free  phenol  was 
obtained  after    the    cooling    ,vatei    haa    been 
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circulating   two   or    thi ee    hours.      The   nelting 
point   was   taken  at    intervals    to    keep    a.   check 
on   the   distill  .it  ion.      A  drop    in    the   melting 
point   may  have    indicated   a  vvater    leak  or   poor 
dephlegmation.      Too    --i  eat    a    flow   of  condensate 
v/ith   too   5ieat    a  temperatuie   caused   consider- 
able   quantities    of  phenol  vapois    to  be    sucked 
over   the    goose   neck  into   the   vacuum  pumps   and 
lost.       (A  maximum   safe      temperatui^e    was    75°  C.) 
These   vapois   also   haa    a   tendency  to   ciystal- 
lize    and    clog   the   longer  vapor   lines.      As   the 
phenol   flow  decreased,  indicating   the    api;roach 
of  the   end    of   the   distillation,    the   ciiculating 
water   was   allowed   to  v^^ai-m  up    to   50°  C,      ,Vhen 
the    flow  stopped  the   leceivers   were   switched 
and    steam   was   blown   into   the  base    of  the    column 
to  lemove    any  dilute   phenol  to  prevent   clogging 
the   column   with  ciystals. 

If   the    still  was   charged   with 
dehydrated  rascterial,    the    vacuum  was  applied 
immediately  and   water-free   phenol   flowed    in  a 
few  minutes.      The    operation    of    the    still  was    the 
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same   as    with  80  percent    crude    material. 

A  silver  coil  was   provided   in   the 
phenol  receiver   on   vh  ich   two    or   three  pounds 
of   steam   vveie   maintained   to    keep    the   contents 
liquid. 

Silver    or   block-tin   condensers   were 
emplo:ed.      If   tin  was   used   a  e^reater   area  was 
necessary.      The    latter  gave    less  trouble   from 
leaks   and   never  collapsed. 

Two  receivers    were    fitted   to   each 
still  and    while    one    was    in  use    the    other   was 
being  emptied    into  drums.      The   phenol  was 
packed    in   tared      ai-ums.      Precision  platform 
scales   wei-e   employed,    residing    in   fractions    of 
a  pound.      Two   sizes    of   drums    were   used  holding 
242  and    750  pounds  net    weight.      Phenol   for 
export    was  put    m   the    242-pound   diums   c^nd   those 
in    turn   were   put    in    barrels   and   packed   vvith 
s  awdus  t . 

A  normal  chaige    of  60  percent    crude 
material  was    165C   gallons,    of  dehydrated  materi- 
al  1350  gallons.      The  yield  per   distillation 
averaged  about    11,D00  pounds   of   water-free  phoaol. 
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-    TREATLCEKT   of   ST  III    RESIDUES   - 

After  a  still   liad   been   charged   two 
or  three   times   there   reraained  a  residue    of 
salty,    tarry,    phenolic  matters   which  contained 
too  much  phenol  to   flush   to  the   se'wer,    so   it 
was   washed   out   and  pumped   to    the   sepal ating 
room   to   he   dealt   with   there.      This  material    for 
a  considerable    time   was   mixed   in   with  legular 
acid  if  ications,    and    in   due    time    wa.5   chaiged 
back  to   the    still.      There    finally  resulted   an 
accumulation   that    was    little    less   than  tar, 
which   coated    the    still   coils  and   was    bother- 
some   in  general.      An   attemot   was   m.ade    to   filter 
a   sample    of   this   material  thi  ough  a   small   ex- 
perimental  Sweetland  Press,    both  hot    ana  cold. 
Almost    im:nediately  the   press   leaves   became 
coated   and   the    filtiate   flow  all  but    stopped. 
This   was   with  a  pressure    of   50  pounds    of  air. 

Several  samples    identical   to   the 
above    were   miixed    in   diiieient   piopoitions    //ith 
the    Oliver   gypsum   cake    (Ca  SO4.    2  HgO)    and 
then  put    through   the   press   both  hot    and   cold. 


These   did  not   ^-ive   the   poi  ous    ct^ke   a£   was    ex- 
pected  of   them  and   lesults    //ere    the    sa-me   as 
ab  ov  e . 

After  these   expeiicr.ents   e>v  e   no 
promising   le suits,    I   tried   leaching   the    "muck" 
and   the    following    is    the  report    of   the    simple 
expei iment , 

"A  sample    of    "muck"    was    filtered   on 
a  Beuchner    funnel  with   suction.      The    filtrate 
showed  45   cc.    of   phenol   la^er   ana    55   cc.    of 
waste    liquor    layer    in   a  100   cc.    graduate.    This 
affoided    in    a   i ough   way  an   estimate    of    the 
phenol  content    of  the    filtrate. 

"Then  100  cc.    of  the   above    "muck" 
were   made   up    to   1000   cc.    v/ith  cold    /;a,ter 
(21°  C. ),  thoroughly  agitated   and  allowed   to 
settle.      A  greasy   slimy  precipitate    settled   to 
the   bottom.      The   sut-ematant    licuor   was   then 
decantec    off   and    100   oc.    put    into  a  graduj.te. 

"This    100  cc,    of   phenol   leach   Viras 
saltec    for   phenol   and    5  cc.    separated   out    on 
top.       In  the    1000  cc.    volume,    9  parts    of    (100  cc. 
each)    leach  and    1  part    of  sludge   made    the   total 
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volume.  Therefore,  9  parts  of  supernatant 
liquor  or  leach  at  5  cc,  phenol  each  makes 
45   cc,    total  phenol    layer, 

"Hence   if   the    sludge   or    tarry  matter 
could  be    leached   and    the    leachin^j  allowed   to 
settle,   practically  all    of   the  phenol  could  be 
obtained    in    the    upper   clear   v/aste   liquor   and 
the    settled   sludge   coulc  be    dropped   to  the 
sewer. " 

This  procedure  was  carried   out   for 
some    little    time    until  greater  pi  eduction  made 
it    im/posdible    due   to    the   lack   of   separating 
space.      The    still  residues   wei-e    tlien  puinjjcd 
directly   to   the    stoic^ge    tanks    in   the   lecovery 
building,    only  now  and    then  making  a   leach. 
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-  STILL  i:easl'R2i;j::ets  - 

I  took  a  few  measuiements  on  still 
foreruns  and  phenol  in  the  vacuum  pumps  v/hich 
are   as    follows: 

PHEEOL  in   VACULi!,:  PUIvTS 
Samples    of    contents    of    the   water- 
seal    tanks    were    taken    at    legulai    intervals 
aftei    the    tanks   wei-e    flushed   clear   of  phenol 
(by  test)    c.na   the    feed   water    shut    off    (constant 
volume).      Phenol   content    was   estimated  by  the 
tri-brom  method. 

Still  #3        Tank  =   6.£5  cu.ft.    =   390#  HgO 

Time  T.B«   Phenol  Percent  Phenol 

1  hour  ,019  " 

2  "  ,035  " 

3  " ,061 ^_ 

Average  ,0191  . 054  3 

Estimating-    a  still   run    (vacuum   on)  at    7 

hours  dui'ation,    we   get 

390  X    ,000543  X   7    =   1.46   pounds    loss. 

Still    ,fl        Tank  -    9.8    cu.ft.    -   612#  H^O 

Time  T,B,   Phenol        Percent  Phenol 

1  hour  .04  ^ 

E      "  ,062  " 

3      " .150 " 

Average  .043  .024 
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Estimating   a  still  rurx    (vacuum  on)    at 
7  hours   GUI  at  ion,    we   get 

612   X    .00024  X    7   =   1.039   pounos    loss. 
Still    fZ        Tank  a    7.05   cu.  ft.    s   440.5;/  H£0 


Time 

T.B.    Phenol 

1  hour 

.085 

2      " 

.160 

3      " 

.221 

A          " 

.351 

^^verage  .082  .0266 

Estimating   a  still  run    (vacuum   on)at 
7  hours   duiation,    we   get 

440.5  X    .000266   X    7   r   1.43  pounds    loss. 
Still   #4        Tank  »   10.3   cu.ft.    =   643#  HpO 

Time  T.B.   Phenol       Percent  Phenol 

1  hour  .04  7  " 

2  "  .062  " 

2  -1/2" ^01 "        

Average  '  .042  .0238 

Estimating  a   still  run    (vacuum   onjat 
7  hours   duration,    we   get  > 

6.43  X    .000238    X   7    a    1.07  pounds    loss. 
Resu-lts: 
At    7  hour-s    as   a  still  run    (vacuum   on) 
the    losses    in   the   pumps    are    as   follows: 

Still  1^0.  Pounds  loss 

lo.  1  1.03 

i:o.  2  1.43 

Ko.  3  1.48 

Ko.  4  1.07 
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Several   foreruns    were    sampled  and 
tested   for  phenol  and    their   volumes  deteimined. 
The    liquor    level    in   the    tanks    was   noted   and  -the 
volumes   estimated   from  a  calibration.      .-ifter 
the   volumes    were    estimated   the    foieiuns    vvere 
blovm   to   the    sepaiator   room,    well    agitated   and 
sampled.      The    phenol   was  estimated  by   the    loaine 
method . 

I.-'easurements    on   stills    1   and   E    were 
constant    while    those   on   3   and   4   were    irregular. 
Stills    1  and    E   wert.    operated  by    one    man  and   3 
and   4   by  another  man.      Also    stills    1  and    2  were 
fitted   vvith   silvei    tube   condenseis   whereas    3 
and    4   were    fitted   with  tin    condensers.      The 
latter   became    overheated   often   foi-   the    lack   of 
water.      I  have    seen  them  steam  and    still   a 
greater   quantity   of    .vater    was    being  a-pplied  to 
than    than   to    the    silver   tube    condenseis    on 
stills   1   and   2. 
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-  ISTHODS   of   .iKaLYSIS   and   CONTROL  - 

The    actual   sampling   of  products    was 
done   by  the    opeiators   but    the    shift   chemists 
wei e   on    the    "job"    to    see    that    this   sampling  was 
done   correctly   d.nd   at    the   lia^t    tir.ie. 

The    sulphonations    were    sampled   as 
the    opeiator    or    shift    chemists   saw  fit,    ottier 
Samples   bein^^    ta;.cen  to   the   liiboratoiy  immec  i- 
atcly   foi-    testing. 

Oliver    and    Slu  iver   presses   and   the 
evaporators   were    sampled   every  houi .      The   ex- 
tractors   in    the    recoverv    building  wei  e    sampled 
evei-y  half  hour.      The   phenol    stills    vveie   tested 
about   eve  12'   half  houi    or   a,s   the    opeia,tor    saw 
fit    in   oidei    that    a  close   check   could    be    kept 
on   them.      Final  phenol   samples    were   obtained   in 
the    weigh   room.  ; 

-  TESTS    OE    SUIPKOLaTIOK    EIXTUEES   - 

FREE  lEl^ZGL 
£00  giams    of    the    sulphcnation  mixtures 
ai  e   dilutea   with  about    500  cc.    watei    ana    ^jlaced 
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in   a   1000   cc.    ro'jr.d-bottonaed   flask.      After   con- 
necting vvith  a  condenser,    the    mixture    is   boiled 
and   the   condensate   collected    in   a  i^raductted 
cylinder.      '.'Aien   about    75  cc.    aie   distilled    over, 
the   distillate    is  transferred   to    a  buiette    and 
the    cc.    of   benzene   measured. 

Lbs.    Benzene   =    (cc.)    (.88)    (6600) 

EOO 

r    (cc. )    (29.04) 

Percent  Benzene  loss  =  (Pounds  Benzene)  (100) 

2100 

r  (Pounds  Ber^ene)  (.04762) 

Using  4500  pounds    of  l02/i  acid,  2l00  pounas    of 

benzene,    ana  pel    aixecticivs    of    analysis,    one    Cc^n 

read    the   percent   loss   from   the    following  table: 

CG.   Benzene     jo  Loss  cc.   Benzene      /feLoss 

.1  .14 

.2  .25 
.3            ■           .42 

.4  .64 

.5  .70 

.6  .84 

.7  .98 

.8  1.12 


.9 

1.26 

1.0 

1.40 

1.1 

1.54 

2.0 

2.80 

3.0 

4.20 

4.0 

6.40 

6.0 

7.00 

6.0 

5.40 
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-   SITIPH0K3  LOSS   - 

A  composite    of    the    day's    sulpho- 

nations    is   made   taking   ICO   cc.    of  each  tiulpho- 

nation  mixtui'e  ;    this    same    composite    is   used 

for  dettimining  the    efficiency   of   sulphonation. 

200   cc.    of   the    composite    are   diluted   with  600   cc, 

K£0   and    the   "bensol    is    distilled    off  as    in   the 

free   benzol   test.    The   nixture    is   cooled, -.filtered, 

and   the   precipita,ted    sulphones   are   thoroughly 

washeo    with  coIx3    v.ater   until  free   from  Kc>   SO4. 

The    filter   paper   and    sulphones    aie    diied    in  an 

air   oven   at   80      C.     (no   higher).      ''/hen  dry   the 

sulphones   ai  e    scraped    off   the    filter  paper   and 

weighed. 

BEIJZEEE  lOSS    in  PCm'IS   as   SUIPHOEE 

=    (&3^ams    Sulphone]     (7138)     (.66  00) 
200 

s    (Grams    Sulphone)    (23.56) 

Soda  Salt   Loss   r    (Benzene   loss)    (2.508) 

Pel  cent   loss    as  Benzene    =    (Pounds  Benzene)   (0.4762) 
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-    ACIDITY  - 

10   to    15  grttms   of   the    sulphonc.tion 
mixtuie   are   we  iii;hed    out    (in   a  ICO  cc.    Beaker) 
on   the    analytical   balance   and   then  oi luted   to 
500   cc,    E5   cc.    of  the   uiluted   mixtuie   are 
taken   and   titiated  with  e/s  KaOH   ubing 
phenolphthaleiii   as   an   indica-tor. 
Percent   Acidity  = 
log  cc.    of  EaOH  -  Io>g  (factor  ijz  I.aOK  -  log  20) 

Log  of   weight    of  sample 
r   log  cc.    of  KaOH  -  log    (factor  ij Z  EaOH  -   20) 

Log   of   weight    of  sample. 

METHOD   for   DETSRiaillEG  the 
SFFICI3i;Cy      of  SUIPEOEaTICES 

A  Composite    sample   of  the    number   of 
sulphoiiations   dropped   qui  ing  a  24-houi    day   is 
obtained    oy  taking  ICO  cc.    of   each   sulphonat  ion 
mixture    just    befoie    it    is  diopped.      Fifty  grams 
(weighed   on  aniilvtical   b^la.nce  j    of    this   com- 
posite   sulphonation   mixture   are   weighed    in  a 
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100  cc.    Beaker,    then    ti tins f erred   to   a   500   cc. 
beaker,    and   dilutea    to  about    ^-500  cc.      The 
solution    iB    brought    to   a   boil  to   ^et    ria    of    the 
"benzQTie,    after   which   it    is   cooled  and    made   up    to 
500  cc«    in   a  volumetiic    flask. 

The   500  cc,    are    shaken   well   and    50   cc 
of   this    solution   a,ie    taken   and   treated    (cold) 
vvith   excess   dry  Ba  CO3.      About    .5   gr.    is  added 
and   the    nixtui-e    is   brought   to  a  boil.      This 
mixture    is   cooled,    diluted   to   500  cc.    ana 
filtered.      100  cc.    of    the   filtered   solution 
are    boiled   and    then   tieated    .'Vi  th  dilute   Ho   SO4. 

The   resulting   piecipiti-te    is 
filtered  on   quar.titative    filter  papei',    i^^nited, 
and   v;ei£-hed   as  Ba  SC^. 

For  4500   lbs.    acid   and    2100    lbs.    benzol 
Piesent    Efficiency  =   Grams   Ba  SO^  x   210. 

PRESS   LOSS  rETSI-J.:il^ATIOE 
Samples   ai  e    tciken  every   hour    along 
the    scraper   of  the    Oliver   filters    to    obtain   a 
Composite    sample   of   a  day's   lun,      'ihe   method    of 
sampling  the    press   cake    of  the    Albiight    &  Eell 
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and   Shriver   presses   is   to   take  two   or   three 
samples    from   each   leaf   of  the   press   and   make   a 
composite    sample. 

PEESS   LOSS 
The   samples    obtained  from  the    Oliver 
filters    and   from   the   othei   pi  esses  are  mixed 
and    quartered.      About    50-60   grams    of   a  repie- 
sentative    sample    are    hetited   on   a  watch  jlass    in 
an   oven    ke^  t    at    a   temperatur-e    between  ICO'^  C. 
and   110°   C.      ^  hour    or   more    is   required   to 
diive    off  all   the    moisture.      Two  a'^^^is    (weighed 
accui'cite  1-- )    of  the   dried  Ci..ke   are    extrcicted  with 
alcohol   in   a  Soxhlet    exticj.ction   appaiatus    for 
thiet    to   four   hours.      The    solution    of   salt    in 
alcohol   is    filtered    into   a   tared      beukei ,    washed 
with  alcohol,    and    the   alcohol    is    then   driven 
off  by  evapoi  cation.      The   residue    is   regarded   as 
the    amount    of   soda   salt    in    two   grams   of  dry 
press-Ci;.ke.      The    total   weight    of   the   diy  piess- 
cake    from   OLe    sulphonation    is    58  00  pounas; 
this   weight    is   calculated   in    the    following 
manner: 
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Benzol  used  -------  £100  pounds 

Hg  SO4  used  -------  4500  pounas 

of  102^  or  4590  of  100  /b  acid. 

^6  ^h   +  ^2  SO4  ^  G,  H^  SO3  K  +  H^O 

2100#        2636#  4252,# 

4590  -   2636   ■    1964    lbs.    acid    to   be  neutralized 
with   lime* 

Hg   SO4   +  Ca    (OH)^   ■>     Ga  SO4.    2  H^O 

1954#  3430# 

Cg   H5   SO3   H  +  Ca    (OH)g    *      (G.    H^    SOg)^  Ca  4    2  H.,0 

4252#  4763# 

{C^   fl     SO,J      Ca  f  Ea..    SO      -> 
6      5         3   2^4 

3512  1406 

2  G,^   Hr.   SO,  Ea  4  Ca  SO..    2   H..0 

1705 


(Ce  H5  303)3  ^^  "^  ^^2  2°3  * 

1207  430 

2  G.    H.    SO-,  Ka   +  Ca   SO,.    2  K..,0 
D      5        3  3  ti 

587 

(Only  a  paitial  conversion    in   the    lime    tubs) 

3430   lbs.  CaS04.    2  HgO        (excess   acid) 
1705      "  "  ("oaiticil  conversion) 

587      "  CaSO^.    2   H.O         ('     "  "  ) 

78      "  Foreign  matter    (in   lime) 

580J     "  Total  weight   diy    press    cake  per    sulph- 

nat  ion. 
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Having   the   weight    of   soda  ca.lt    in 
the   E-gram   sample    of   dry    cake   the   total   amount 
of   sooa   salt    in    the    press-cake   per   sulphonation 
may  be    obtained  by   the    foimula: 

Total   Eoda   salt    r    (vveight    of    soda  salt    in   S-gram 
sample)    (E9C0). 
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-  ^AiYSis  of  soiA  Salt  - 

A  composite    of   the    soda  salt   pro- 
duced  auiin£>    the   day's   lun    is   made    by  taking 
hourly  samples   of   the   heavy   solution   in    the 
secono    cell   oi   the    evapoiator;    li'bout    100  cc, 
of  the    soda  salt    solution   aie    ta.ken   f  i  om   the 
testing  tube    on    the    side    of  the    evapoiator.    At 
the   end    oi    a  day's   run   the    composite   Si=.mple 
is   heated    so  that   all    the    salt    is   in   solution. 
About    £00  grams    of    the    composite    aie    then 
evapoicxted    to  dryness,    and    lindly    heated   at 
100    to   120°   C.    for    an   hour.      Two   lO-gram 
samples    are   weighed   out. 

S-AT.TIE    #1.    2XCESS  Eao   00^ 

£ O 

One    of   the    above    samples    is   placed 
in   a  beaker    and   dissolved    in   distilled  vvatei-. 
The    excess  Eao   CO,,    is   titr^^ted   with    standard 
HCl ,    after    adding  methyl   orange    for   an    indicator, 
1    cc.    L'/S  HCl   =    .0£65   gr.   Ila^   SO3. 
SUIPIIiiTS 
The    insoluble    mattei    left   c^ftei    the 
determination   of.Eag  CO3   is   filtered   off  and 
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the   filtrate    is   treated  with  excess   HCl.      It    is 
then  heated   to   boiling  ci.nd   the    sulphate   precipi- 
tated  with  Ba  Gig,      The   hot    precipitate    is    then 
filtered  through  an   analji^-tiCcil  filter  paper, 
ignited  and    wei,_-hed   as   Ba  SC.    in   a  poicelain 


crucible . 


[a     SO.    =   grms.    Ba  SO^  x    .609 


Sample    #2.      C^LCIUi: 

The    second    sample    is   dissolvea    in 
100   cc.    hot     .vater  and  HGl   is   added    to  dissolve 
any   insoluble  matter.      liH^OH  is   added   to   alka- 
linity and    then    (l^H^jg  CgO.    is   adaed;    the 
mixture    is  boiled,    filteied,    and   the   precipi- 
tate   is    washed    with  hot    water  until   all   traces 
of   free   oxalate    aie   removed. 

The   piecipitate    is    transferred    to   a 
beaker   by  punching  a  hole   thi  ough  the   bottom 
of   the    filter   paper,  while    it    still   lemains    in 
the    funnel,    and   washing   the   precipitate    through 
the    hole   by  means   of  hot    water   from  a  wash 
bottle;    the   papei-    is   then   washed   with  ailut 


;e 


Hg   SO^. 
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EO   cc.    (1:1)   Ho   SO.    are  acdec    and 

solution    is   diluted   with   hot    water   to   300-400  cc; 
then    the    solution    is   heuted   to  boiling   and 
titrated   with  l/lO  K,5i04. 

1   cc.    r/10  i:!.n04    =    .002005   gr.   Ca  « 

.002807  gr.    CaO. 

It    wcts   suggested   that    if    a  sample    of 
soda  salt    should   be    burned   while    diving  at 
100°  C.    the    £.odium   sulphate    might    be   unneces- 
sarily high.      In    other    words   the    soda  salt    in 
burning    is    converted    into    sulphiate.    (At   90°   C, 
soda   salt    tix^es    on   a  bro'.vnish   charred-like 
tint).      At   any  rate,    to   eliiTiinate    this  possible 
error,    a  chart   was   woi'ked  out   giving  the 
specific   gravity  at    23°    C.    a.nd   the    solid 
content    of   soda   salt    solutions.      Then    instead 
of   weighing  out   a  diy   st^mple    of    soaa  salt,    a 
measured  volume    of    soda   salt   was  taken   for 
analysis.      Upon  close    observation    I   could   not 
detect    any  drop    in   the    sulphate    content   after 
the    procedure    vvent    into   effect.      The    accui-^cy 
of    the   two   piocedures    (dry  and   wet   m.easuies) 
was    about    equal   when  average   care    was    exeicised. 


135 


In   one   case   it   was   an   abused   balance   that   was 
used   and    in   the   other   a  beautiful  new  'Vestphal. 

From  the    follovvin>j  points    a   curve 
was  made  and   a   following  table    was   made    from 
the    curve.     (£3°   C. ) 
Sg . qr .      Grams/litre  Sp . Gr .      Grams/litre 


1.03 

72.0 

1.06 

193.5 

1.04 

96.5 

1.09 

217.5 

1.05 

121.0 

1.10 

242.0 

1.06 

145.0 

1.110 

266.0 

1.07 

170.0 

1.120 

290.0 

SrSCIFIC    GRAVITY  of  PUI.S 
SODA  Salt   SOIUTIOE   at   23°   G. 

Si-.Gr.      Grams/ 100  cc.        Sp.Gr.      Grams/ lOQ  cc 


1.050 

12.00 

;.c7i 

17. 2o 

1.051 

12.25 

1.072 

17.50 

1.052 

12.50 

1.073 

17.75 

1.063 

12.75 

1.074 

18.00 

1.054 

13.00 

1.075 

16.25 

1.055 

13.25 

1.076 

18.50 

1.056 

13.50 

1.077 

18.75 

1.057 

13,75 

1.07S 

19.00 

1.058 

14.00 

1.079 

19.25 

1.059 

14.2  5 

1.060    . 

19.50 

1.060 

14,50 

1.081 

19.75 

1.061 

14.75 

1.052 

20.00 

1.062 

15.00 

1.083 

20.25 

1.063 

15.25 

1.084 

20.50 

1.064 

15.50 

1.085 

20.75 
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SPECIFIC  G-Ki^VITY  OF  PURE 
SODA  SALT  SOIUTIOr  at  23°  C. 

(continued) 

Sp . 5r «      Grams      100  cc,        Sp»Gr,      grams      100   cc, 


1.065 

15.75 

1.0&6 

21.00 

1.066 

16.00 

1.0&7 

21.25 

1.067 

16.25 

l.O&S 

21.  50 

1.068 

16.50 

1.089 

21.75 

1,069 

16.75 

1.090 

22.00 

1.070 

17.00 

1.09o 

22.25 

SODA  Salt   in   5VAP ORATOR   COK!:SKSx.TE 

A  composite    of   the   day's   lun   is   made 
by  taking    100   cc.    every  hour.      Two   litres    of 
the   condensate   aie    then  evapoiated   to    about 
100   cc.    in   a   large   evaporating-  dish.      The    con- 
centrated  liquor    is   then    filtered    into    a 
small   tared     evapoi-ating  dish,    the    laige   evapo- 
rating dish  and    filtei    paoei    being  washed   and 
the    wash  watei-   added    to    it.      It    is    then   evapo- 
rated  to  di-yness    on   a   steam  bath  and    weighed. 
Calculate   results    to  pounds    loss   per   gallon   as 
follows : 

Peicent  loss   =   Ors.    found  X  IOC 

2000 

loss  in  lbs.  gals.  »  6,33  X  peicent  loss. 
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The    total  gallons    of   condensate   plus 
cooling  water    ib    ai rived   at    theoretically    (and 
was    checked  very   closely  practically). 
4645   lbs.    of    soda    salt    at    95;o    (opeiction)    s   4600#. 
4600#  at   l.S5#  per  gallon   eva,poratea    to  4,E5# 
per   gallon   means    £663  gallons    of   water   evapo- 
rated.     The    condensate    is    cooled    to   10£°   G. 
(about).      latent    heat   at   £l£°   F.    is    1077.5  3.T.U. 
Take  water    at    7,3°  C.    or  46°   F.    to   105°   F.    is 
59   B.T.U. 

1077.5  X   2638  X   6.33   =   46,000  gallons    of   cold 
59  X   6.33  '  ^ 

water   required   foi    cooling  j^uiposes.  Then 

46,000  ^  E626    a   a  total   of   50,6E6,    or  say    50,000 

galloi-s   of   condensate    watd    to   figure  on    in 
condensate   salt    loss. 

EFFIGISKCY  OF  ^XTRaCTOI^S 
"The   operators    will   bring  composite 
samples   of  the    "befoie"    and    "extici,ction"   liquor 
to   the    laboratory.      These   composite   samples   ai  e 
made   up    of   samples    taken    evei-y   half  hour-    of   the 
opei'ation.      The   chemist   must    examine    the    SXTK^C- 
TIOK  RECORD  and    insist    that   he    be   fuinisned    vvith 
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the   proper   samples   from  each  extraction." 
PH2E0L   BEF0E3   SXTRACTION: 

200  cc.    of   the    sample  which  has   been 
well    shaken   is   diluted    to   1000  cc.    with  vvater. 
It    is    well    shaken   and   a  50   cc.    sample    taken 
with  a  pipette   for   analysis.      This    sample    is 
placed    in    a  glass- stoppered   separatory    funnel 
and    the   phenol   content    is   deteimiLed   by   the 
Tr i-Brom-Ihenol  method.      Ihenol  per  litie   = 
Qrs.    Tri   Brom  X   log.     {9.4D3&    -    lO)    XIOO. 
Lbs.    Phenol  per  44,000  gals.    =   Grs.    Litre  X   267, 
PHSliOL   AFTIiR   EXTRACT  1 01: 

Take   10   cc.    of  sample    and   determine 

phenol  as   above.      Sxtiactoi    efficiency  = 

Lbs,    extracted 

Total  Ibs^    before    extraction 

TESTS    01   C.    P.    PI-IEEOL 
SAI.TLES 
Three    samples   are    taken   from  each 
series,    1  at    the   beginning,    1   in    the   miaale   and 
1  at    the   eno    of  each  distillation   r-un. 

# 

A  composite  sample  is  made  from  each 
drum  of  a  shipment.   This  is  a  composite  of  75 
drums . 
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DISTIIIATIOE 

A  diet  illation  test    is   made    on   a 
composite    of    the    series   samples.      It    is    also 
made    on   the    shipment    composite.       Veiajh  out    108 
grams    of  sample    into   a  250   cc.    distilling   flask, 
I' i still   sample    through   an   air    condenser    into    a 
100  cc.    cylinder.      Condenser   must   be   approxim.at e- 
ly  18"    long  and    tilted  at   an   angle    of   20-30°, 
The   tempeiature    at    which  the    first   arop    falls 
from  the    end   of   the   condensei    is    taken  as    the 
boiling  point. 

Distill   until   178°   is  reached  and 
then  take  ec,    reading,.      This   reads    diiectly  the 
percent    below   178°.      Distillation    is   continued 
and    the  percent    below  182°    is   also    le corded. 
Distill    to  dry  point    and   record    thermometer 
reading,       (At    least    90fo  should   distill  below 
182°    G.) 

S0IU3IIITY 
Take   19,6   cc,    a i stilled    water   and 
80.4    cc,    phenol,      i.:ix   thorjaghly   in   a   cylincer 


140 


at    25°   G.      liote    whether   separation  takes   place. 
(It    should   be    completely   soluble.) 

RESIDUE 

Take  5  cc .  phenol  and  evapoiate  on 
watch  e'lasE  using  a  steam  bath,   tote  color  and 
amount  of  residue. 

COLOR 

Coloi-    of  phenol   must   be   reported. 
ir^LTDIG  POIET 

For    the    melting-  point    of   series 
sample   fill  a   titre   tube    about    one -half   full 
of   sample.      Use    thermometer   as   agitator   and 
stir   jently  until  sample   begins    to   crystal- 
lize.     Tcike    temperature    alter    it   hc.s   bedorae 
constant.      The   melting  poirt    is   determinec    on 
each   of  the   three   samples. 

For    the    '^elting  point    of   the   average 
sample   use   a  300  cc.    beaker    instead    of    titre 
tube.      This    is    the    French  method. 

The   melting-  point   must   not   be    lower 
than   3-3.5°   by  titre    tube    method    or    39°   by  French 
method. 
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Q.L\--J^TITATr/S  ESTirATICI'I    of  PHSEQL 

--it    about    the    time   I   v/as   doin^^-  the 
experimental  work  on   the    fusions,    trouble    -^vas 
experienced    concerning   the    estiaiation   of   the 
phenol   in   the   waste    licuors.      The   Iodine   method 
for  e&timatiorj   of  phenol   was   mentioned    in   one 
reference   book    ("Allen  Organic   Analysis")    at   m.y 
command    but   the    original  work  was   not    at   hand. 
It    was  necessaiy  then    to    spend    some    little   time 
in  perfcctine^'    the   method  from  a    few  hints    there- 
from.     The   preparation    of    iocoform  from  alcohol 
and    Iodine    in    the   presence   of  lla^  CO^  seemed   to 
be    somewhat   analogous.      So   with   this    analogy  in 
view  I   worked    on   the   estim.ation   of   the   phenol. 
As    in  the    case    of  the    iodoiorm,    in   the  pr^esence 
of  Ea^  GO^   the    HI    (formed)    iz^   prevented    from 
eliminating    the    iodine    atom   from   the    iodophenol. 
Very  good    checks    .vere   octa.ined    in   the    ;;stimation 
of  doubly  distilled    G.P.    Pheno3    usin_,   caibonate. 
'.Vith   the    use    of  caustic    the    results   were    invari- 
ably   low.      So    far,    so    gooa,    but    'vhen    I   came    to 
the    estimation   of  any  waste   or   sulphite    liquor 
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I   had    trouble  due    to    the   sulphites   pieserit.    As 
the   procedure   nov;  stands,    exercising    just    ordi- 
nary care,    very   jood   results   ai e    obtainable, 

'/Vilkie   va-ites,    "less    than    1  pai-t    of 
phenol  per   million  can   be  detected,    v/hile   4 
paits   per  million  e>"ives    an    immeciate    indication 
Vklth   iodine.        'Vith   bromine   1   part    of  phenol   in 
44,000  can   be    detected    immediately,    and    1  part 
in    60,000   on   standing   24    hours." 

inPTHOD 

Phenol,    in   the   piesence    of  a    weak 
alkali,    (lag  CO3),    is    throvvn  ao\m  as    a  light 
flocculent   precipitate    of   tri-iodophenol   with 
an   excess    of   standard    iodine.      The    solution   is 
then  made    acid   and    the    excess    iodine    is    titrated 
v/ith   standard    sodium   thiosulphate .      Six    (6)    atoms 
of    iodine   are   used  up    by   one    (1)   molecule   of 
phenol   -   C^H^OH   -f   313 -♦  C^E^^l^^OE   +    3  HI. 

Any  mattt-r   such   as    SO^   and   HgS    is 
oxidized   with    iodine    in   acid    solution  beiore 
the    addition    of   the   weak  alkali    is    made  piepara- 
toiy   to   the    phenol  determination. 


143 


SOLUTIONS  LEESBP 

1.  k/20  Iodine  bolution. 

E.  1^20  Sodium  Thiosulphate  Solution. 

3.  5/0   Sodium'  Carbonate  Solution. 

4.  1:3  HgSO^ 

5.  Starch  Solution. 

The  convenient  dilutions  and  cc's.  of  k/so 
Iodine  required  are  as  follows: 


K  Alv'IS 

riLUTioi; 

cc' 

's.   l-i/20   I. 

Before   extiac 

t 

ion 

5C-20C0-25 

20 

After              " 

50-2000-25 

20 

Fusion 

5-1000-5 

20 

Ciude  Phenol 

5-1000-5 

50 

PR0QEIJUI:5 

Fake   the   dilution  and   then   make    up 
the   portion   for    analysis   to   about    150  cc.    in  a 
50   cc.    ground   glass- stoppered   bottle. 

Add   two    (E)    crops   of  Llethyl-Orange  # 
Make   baiely   acid  and   add   2   or   three   diops    ex- 
cess with  1:3  HgSO^.      .-^dd  tibout    £  cc,    of  starch 
solut  ion. 

Carefully  titrate   any  SOg  or  H^S 
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ith   the  1\/2C    Iodine    solution   to  a   faint   blue 
starch  -    ioaine   color.      If  necessary   come  back 
with   Sodium  ?hiosulphv5.te    and   finish  up   with  the 
Iodine    to  the    blue    starch   -    iodine   color. 

After   titiatin^g   any   SC^  or  H^S   add 
10  cc.    of   the    5;o  Sodium   Carbonate   solution   and 
a  icnovvTi   amount    of   standard  r=/20   locine    from  a 
bur-retle   and    allow  to   stand    for  t^bout   15    minutes. 
(Too   little    Iodine    is    indicated   by  pronounced 
fading   of  the   blue    starch-ioaine    color.  )      O-ene ral- 
ly  not   moie    than  half   the   added    Iodine    should 
enter    into    the    reaction. 

Make   acid   with   2   or    3   cc.    1:3  H^S04 
and   then   titrate   excess   Iodine    with  standard 
K/20  Soaium   Thiosulpha-te    solution.       The   differ- 
ence  between    the    Iodine    addea   with   the    alkali 
and   that    titrated   with   the   Thiosulphate ,    equals 
that    Iodine    used  up   by  the  Phenol. 
1   cc.   k/20   I   -  k/20  Jj'agSgO^   =    .0007833  gr. Phenol 
J.i:.-."ilkie,  J.Pharm.,    1^03,    17-161 

J.    Soc.    Chem.    Ind. ,    1311,    30,    402. 


145 


TRI-BKQ-'m   PHEKOI   -    ( VOIUl.ILTRIC  ) 

The    formation   of    insoluble   tribiorao- 
phenol,    when   bromine    is    added   to  phenol,    is 
utilized    in   its   analysis. 

A  standai'd   solution    is   prepaied   con- 
taining  sodium  bromide   and    bromate    in  pioportion 
of  5  moles   to    1  mole,    by  dissolving  BPp    in  hot 
caustic    solution    (and    boiling    off   excess  bi omine 
100  CG.    of  I^/l  EaOH  plus    3   cc.    of    liquid   bromine 
are   brou^-ht   to    boil  till   solution    is   coloilese 
and   then    cooled.      iidd    a   few  diops    of  LH^OH  to 
precipitate   any   ii  on   -     Fe    (OK),,   and    filter   - 
make    up   to   1000  cc.      This    solution  vt/ill   be   ubout 
of  i;/l0   strength  -   1   cc,   u/lO  Br^   =    .00157  grams 
of  Phenol. 
6  Ka  OH  +   3  Br^   ^     i;a  Br   C^   +   5   ICBr   f   3  HpO. 

This   solution    is    standai'dized   by  add- 
ing KI   to   a   knovm   amount    of  3rom.ide-Br ornate   so- 
lution,   acidifying  and   titrating  the    liberated 
Iodine    vvith   standard    Thiosulphate    solution. 
1  Ea  Br03   +   5  Ea  3r   f   3  K^SO^   •> 
3  r.a2S04    +    3  H^C  +   3  Brg 
6  Eal   +   3  Br^   •>   "     6  Ea  Br   +   3I2 
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PPX'CSDURS 

To   a  Sbimple    of  waste   liquor    of 
correct   dilution    (similar   to   Iodine   method)    an 
excess    of   standard  Biomine-Biomate    solution    is 
added.      The   a.bove    is   acidified    in    sli^iht   excess 
with  dilute    sulphuric   acid    and    allov/ed  to  stand 
a  half  hour    aftei    which   Sodium    Iodide    is   added 
and    the    libeiated    Iodine   titrj;.ted  with  k/10 
Sodi-om   Thiosulphate    solution.      .-another    £a.mple 
of   the    vvaste    liquor,    of   like    ailution,    is   acidi- 
fied and    titrcited   imr.ediately  with  I\/lO   Iodine 
solution.      The    amount    of  Biomine   used   on    the 
first    sample,  minus   the   3rom.ine    equivalent    of 
the    Iodine  used   on   the    second    sample,    is    the 
equivalent    of  the   Phenol   content.      The   method 
reads    well   but    the    2 e suits   do   not   check,    cither 
on   waste  Phenol  or   G.   P.   material. 

TRI-BEOLI  PHEEOL  LETHOD   -    (GRAVUIETRIC  ) 

'Yeigh  out  10  grams  of  the  solutior. . 
If  the  solution  contains  any  sulphite,  acidifv 
with  dilute  Hg  SO^,  then  bubble  ail  throu-h  it 
for    several  minutes   to  .remove   free    SC£. 


•147 


Transfer   to   a  glass-stoppered    separatoii^    funnel 
and    add  Bromide,    crop   by  diop,    shaking   after 
each    successive   adaition.      The   Tri-Brom  rhenol 
is    not    completely  precipitated  until  an  excess 
of  Bromine    is    added,    so   add   Bromine   until  a 
faint  permanent   Bromine    coloration    is  produced. 
Care  must   be   exercised  not    to  get    the   Bromine    on 
the   skin   or   clothes* 

■'/hen' precipitation    is    complete,    add 
IC   cc.    chloroform   and    shake   vigorously.      The 
Tri-Brom  Phenol  will   be  dissolved.      The   chloro- 
form  solution    is    then  drained   off    into  u  tared 
beaker.      Two   more    washes   are   then   maae   to    insure 
the    complete   removal   of   all  Brom-Phenol. 

The    chloroform   is  then   evaporated    on 

the    steam   bath  until   traces    of  v/hite    fumes   begin 

to   appear   within   the    beaker. 

Orams,    Phenol   r   Grams  Tri-brom  X    .SS4 

Percent   Phenols    Grams  Phenol  X  ICQ 
*  Grams   sample. 

This  method    is   not    good  because   with 

average   care    one   cannot    obtain  good    checks.    The 

Tri-Broro   is    too    easily  volatilized. 


3-48 

ORGAIUZaTIOE    -  L3TH0ES    -   LAYOUT 

The  phenol  plant    was   the    laigest 
individual  plant   of  the  Kew  Port   group,    not    only 
in   size  but    in  regard   to    income  revenue.    Original- 
ly the   Kew  Port    Chemical    7orics    at   Carrollville 
consisted   only  of  the  phenol  plant   but  gradual- 
ly  other  plants   for   making   intermediates   and   dyes 
were   added.      Lurinj   the    latter   pai-t    of  Ivovember, 
1916,    the    phenol  plant   ceased   to    opeiate   because 
its   contracts  had   been  fulfilled    and    its   wastes 
that   gradually   found   way  to   the    lake    (I,:ichiga.n) 
weie    becoming  a  menace    to    the    di  inking    ./vatei    in 
Milwaukee. 

On   account    of  the   phenol  plant   being 
the   "pet"   plant    of  the   works   no  money  was 
spared  to  mcike    it    as   efficient    as   po£.  sible. 

A  General   Foreman  had   diiect    super- 
vision  ovei'   the   plant   assisted   by  an   Opeia-tion 
and  a  Mechanical  Foreman.      It   was   the    General 
Foreman   that    cairied   on   the    inte: -of ficial 
business   with    the    higher   officials    of   the    works. 

The   Operation  Foieman   had   charge    of 
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all   operation   which  had'  to   do  with   the   manu- 
facture.     He    issued    oiders   and   diiections    to 
three  Sub-Foimen,    one    for    each  of  three   &-hour 
shifts.      These   Sub-Foremen  had    diiect   charge   of 
opeiation  and   they  in   turn  had   their  Chief 
Operatois,    who   in  conjunction  with   their  men 
performed  the   operation.      The   Opeiation  Foreman 
actually  had   chaige    of  plant    workings.      Repairs 
and  changes   were  m.ade   at   his   suggestions.      On 
the  more   v/eighty  matters  the   General  Foreman 
was   consulted. 

A  Mechanical   Foieman  had    complete 
charge    of  all  mechanical  details.      Repairs   and 
new   installations   were    executed   under   his    super- 
vision.     A  pump   man  and   his   helpeis  tooK  care 
of  the  upkeep   and   repairs   of   all  pumps    of  which 
there   were  many.      A  belt   man  took  cure    of  belts 
and  the    oiling   of  chains   and  motors.      Ivlot  or 
repairs   were   made  on    order   to   and   by  the 
Electrical  Eepartm.ent    of  the    '.Vorks.      Pipe   and 
steam,    fitting  repairs   v/ei  e   taken   care    of  by  a 
steam  fitter   boss   ai^d   his  men.      All   the    larger 
repair   work  requiring   the    services    of  mechanics 
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and   tackle  gangs   wag  done   on    order    of  the 
llechanical  Foreman   to   ttie   Master  Mechanic   of 
the   Works,    ],:any  of  the   repairs,    large  ar^d 
small,    were  made   by  dayli^-ht.     Repairs  that 
were   to  be   made   at  night  weie    executed   by  a 
night   repair    iorce   operating   out    of  the  machine 
shop. 

A  Chief  Chemist,    who   was    initially 
responsible   to   the   Genera,l  Foieman,    later    to 
some    extent   under    the    ^miisdiction   of   the 
Operation  ioreman,    had   chaij^e   of   the   control 
laboratory   and   of  the    Shift-Chemists    (1   for 
each    shift)    whose    business   it  was   to   v/atch   out 
for    "leaks"  and    inefficiencies  and    to  keep    track 
of   operation   in  general   -   the    "'A'atch  Dogs",    so 
to   speak. 

■Yorking  hand    in  hand  with  each   other 
were   a  Chemical  and    a  irechanical   Efficiency  man. 
Virtually   they   were   their   own  managers  c^nd 
responsible   to   the    C-eneral  Foreman.      It   was 
their   business   to  make    efficiency  tests   and    to 
work  on   inefficient   appaiatus  and   pi  oc  esses   and 
make   corrections  for    same.      It   was    as   the 
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Chemical  ilfficiency  man   that    I   served. 

Such   in  a  brief  way  was   the  personnel 
of  the    organization. 

The   policy   of  the   works   v/as    that   of 
"baiting  the   hook  vvith  a  dollar".      The   works 
being  13  miles  distant   from  T'ilwaukee  with  none 
too  good  transportation   and  no   accomodations 
other  than   fair    lunches   at   cost,    it   was  neces- 
saiy  to   offer   wages   higher  than    the    average. 
This  was    especially   true   concerning  the  phenol 
plant,   wages   ranging  from  60   to    75  cents    oer 
hour-   for   inexpeiienced   labor    while    those    of  the 
immedicite   sur-roundings   ranged  nearer  30  to  40 
cents. 

The  wage   rate   varied  with   the    time 
of  employment    with   the    company.      At    the   start 
a  man  received   a  basic   wage    and    after   3,    6,    9 
and   12  months  he  vo  uld   receive   an    increase, 
receiving  a  maximum  wage    at    one   year's   resident 
employment. 

All  employes   were   insured  by  the    Vorks 
while   in   the    employ  of  the   same. 
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Belov;  is   a  table   showing  the   amount 
of    insuiance    for   the    different   employes. 

Time   in  Service  Amount    of   Insuiance 

3  to    6  months    ------   |   500.00 

6   "   IE        "  ------        600.00 

1   "      E   years 700.00 

E"3        "  BOO.  00 

3"      4         "  - 900.00 

4  "  ------      1000.00 

Trained  men  wtre    employed  wheie  neces- 
sary.     The  Shift   Chemists  were   college  graduates 
as   well   as   those   men    in   the   advanced  positions. 
It   was    the  policy,    when  possible,    to   give   a  man 
some    experimental   laboratory  experience   before 
putting  him   in   the    plant.      This   procedure   ofiered 
a  man   a  broader  view   of  the   work  and   made   him 
more   valuable,    gener>illy. 

A  close   watch  was   kept   on  the  oper- 
ation  of   the  plant    at   all   times.      Daily  reports 
were   made    of   operation,    chemical  control,    and  to 
the   Shift   Foremen.      This   last   report   gave   a.n 
idea   of  the   progress    of  opeiation   fiom  day  to 
day  and   the    Shift   Foreman  had    only   to  glance   at 
it   to  get   the    layout   of  the    operation,   not   only 
on  his    shift   but    on  the    others. 
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Inventories   were    taken  every  L'onday 
morning  and  the   iirst    of   ev^ry  month,   both  with 
the   idea   of  ascertaining  the    efficiency  of   oper- 
ation.     The    latter   was   taken   with  ^reat   care, 
and   from  this    a  monthly   statement   was  made,    '/eek- 
ly  statements   were    also   made    out. 

As    far    as  possihle  the   phenol  plant 
was   operated   on   the   gravity  plan   -   -   See  Chart. 
A  central  power  plant    supplied   steam  for  the 
distillations   and  power    for    the   numerous  motors 
throu^.hout   the   plant.      ".Vater   for  general  use 
was  pumped   from   the    lake    at    a  central   pumping 

station. 

Following   is   a   list    of  apparatus 
and    labor   required  for   one    shift    for  a  plant 
operating  at   full  capacity  with  an   output   of 
70   tons    of  phenol  per  day.      Motors   aie  not 
listed  unless    specially  fitted. 

DAILY  REPORT   of   OPSKATIOK 
Sulphorat  ions 

Ko.    Charged   -    -    35  Dropped 31 

Press   Operation 

iMO.Sulphonations   to   Olivers 32 

i^o.    Soda  Presses    in  Use   ----------   '^ 
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DAILY  REPORT'  of   OPERxtTIOia 
(continued) 
Evaporation    (of   Soda   Salt) 
Liquor   to   -   -   -   8°  3e'.      From  -    -    -   24°   3e'. 

Fusion  Operation 
Ko.    3haiged  -   -  43  lipped   -----   39 

Salt   Factor   -   1.75  Pounds   used  116,440 

Separations 
Eo.    Lade   -    -    -      35 
Yield    (average)    without    e>:ti  action   -   -    5.6   in, 

"  "  with  "  -   _   6.2    " 

Crude  produced   -   217    in.    In  storage   -110.0   " 

Distillation 
Drums    (242  Pounds)   produced   -------   193 

Still  Lo.    4  Series    1051  Charge  48" 

"        Ko.    2  "  1052  "        4  7" 


DAILY   CIIEIvIICaI  REPORT 
Sulphonations 
Average  Efficiency  ----------   95.50/6 

Benzene  Loss    ,e-2fo  Sulphone   Loss   -        .50;^ 

Pi  ess   Operations 
Average  Oliver   Loss    110#  Total   -   3520. 00# 

Average    Soda   Loss  .75  n        _        ££,50# 

average  Eag  CO3  per   sulphonation   -   -      1C0,00# 

Evaporation 
Grams    Soda  Salt  per   litre    condensate  .1435 

Separ.-ticn 
Inches    of   Crude    (39.66   gals.)    without    extrac- 
tions    -----------------      ^'D 

Inches   of  Crude    (29.66   6als.)    with  extrac- 

j.  •  _     _     _     _     -A     ?" 

tions  ----------------  O'-^^ 

Extractions 
Waste    liquor   i^xtri^ction  F.fficiency   -    -      99.3^ 
Soda  Salt    -------       Purity  -    -    -      90.75,^ 

KaoCO^ 1.76;^         EagS04    7.89;^  Ca0.05^ 

Phenol  I'eltine-  Point 
Series  .  1051  1052 

M.P.  4C.5°   C.  40.5°   C. 

M.P.  40.3°   C.  40.4°  C. 

M.P.  40.6°   C.  4C;5°   C. 


t 
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DAILY  REPCRT   to   the 'SHIFT  FCnST.IAlJ 

Shift  Ko,    --------_._--_   I  II  III 

Average  Oliver   Loss  per   Sulphoi.aticn   120  100  110 

Eo.    Sulphoi-ations   chaiged   ---___   12  i£  2.I 

Ko.    Sulphonations    drop^^ed    --____   n  iq  10 

Eg.    Fusions    charged    - _____    14  2.5  ^g 

Eo.    Fusions   blovm    ----______   13  14  12 

Remarks:    


Gen .Foreman 


mVSKTORY  REPORT 

Soda  Salt    in  Iiocess:  Pounds 

In   Sulphontition' Kettles   ------  92,040 

"      lime    Tubs    ------      -----  13,o06 

"      Soda   Tubs    ------      -----  4£,000 

"      '.Veak  liquor    Tubs    --------  90,000 

"      Svapoiator   -----------  7,200 

"      Fusion  Room   St  ox  age-    ------  75, OOP 

Total    -  320,046 

Phenol    in  Pioeess: 

320,046    lbs.    Soda  Salt    -    -    -      ( 

)169,487 
66,400  Salt    in   Fusion    Kettles ( 

In   Gi'ude    Stoiage   ----------  23,000 

"      Stills   --------------  33,000 

"      Separators    ------------  17,000 

"      Extractors    ------------  400 

Finished  Phenol: 

In  Receivers   ------------  21,600 

Grand    Total    (Phenol)    --------    264,48  7 
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m  vsK  T  OKY  s  T ateiv:ei;  t 

Eav/  Ifeterial   and   Yield   of  xhenol 
per   pound   of  Raw  Material   Consumed. 

"Dec.    3-9      Inclusive 

Pounds  of  Benzene  consumed  -  -  -  -  607,198.0 
"  "  Caustic  "  -  _  _  _  80£,G50.0 
"  "  Oleum  "  -  -  -  1,241,940.0 
"  "    60°    Acid      " o57, 200.0 

Pounds  of  Phenol  produced  -  -  -  -  532,500.0 
"  "    "   per   lb.    of  Benzene   consumed   -    .88 

"  "    "      "         "      "      Caustic        "  -    .66 

"  "    "      "         "      "      Oleum  "  -    .42 

"  "    "      "         "      "      60°    .^cid      "  -    .62 
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I.:OI!THLY  STATEII2HT 

Total  Sulphor.ations    (month)    -------    537.0 

Average  "  (per  dc^y)    --_--__      17,3 

Benzene   loss  as    soda   salt    per   sulpho- 

nation   in  pounds    ----------__        £7.0 

Sulphone   loss   as    soda   salt    pei    sul^:honat  ion  30. 0 
Oliver  Press        "        "      "  "  "  131,7 

Total   Soaa  riess   loss    (month)    ------    1^8.7 

Average  peicent   loss   Benzene   per    "  ,55 

"  "  "   Sulphone      "    "  ,61 

"  "  "   Oliver  Soda   "  2,55 

"  "      Sulphonation  Efficiency  95.20 

"  "      Soda  Salt  Operation  '     92,40 

Total  Fusions    (month)  658. 00 

Average  "       (per  cay)  21.20 

Total  Separations    (month)  645.00 

Average  (per  cay)  20.60 

"   gallons   Phenol   with   exti action  274.50 

"      without      ••  237.20 

"         "  of  ■'  37.30 

Total   gallons    ciuce    (month)  I74    772.0 
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MOKTHLY  STaTEI,C3ET 
(cont  inued ) 

Pounds  C.   P.   Phenol    (month)  963,750.5 

"      (a,veia£:e)      "   per  Sulphonation     1,776.0 
"  "  "      "      Fusion  1,450.0 

"  "  "      "      Separation  1,4  76.0 

"  Benzene  used  1,174,600.0 

1,174,937  X  1.205   s    (Theoretical  Phenol)    - 

1,415,600.0 

965,750   _       ,  n-,   ^..  . 

1  4l5  See    percentage  overall  efficiency  - 

68.70 

Soda  Efficiency  X  Fusion  Efficiency  a 

Overall  Efficiency. 

Therefore  - 

68.7    -~    92.4   =  peicent    Fusion  Efficiency  - 

74.30 


161 


PLAI;T   equip T.!SKT 

Ho. 

Pieces     Mame    of  Apparatus Lien 

SODA  SALT   DEPARTLO)!? 

24        Sulphonators  3 

8        Benzene    ''/ei^^h  Tanks! 

)  1 

10        Acid   ■.Veifch   Tanks         ( 

2  Benzene  Pump 

E  Acid  Blow  Sggs  1 

2  Sulphonation  IContejus  '  1 

2  Gravity  Tanks 

8  Lime   Tubs  3 

4  Lime  irixers  6 

E  12 -Horse  Motor 

8  Oliver  Presses   &  Equipment  5 

1  Oliver  Heater 

4        Soda  Tubs  ( 

( 
1        10-Horse  I.'otor    (for   Soda  Tub  agitation)      E 

( 

6        Teak  Liquor   Tubs  ( 

4  Sliriver  Plate  Presses  E 

E  Evaporator (25   tons   each)  1 

1  Kash  Centrifugal  Compressor 

E  Centrifugal   lime   Piimp    (Oliver) 
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PIAH-T   EQUIPLSNT 

(continued ) 

Ko. 

Pieces     I^'ane   of  Apparatus  :.:ai 


Soda  Salt  lepartment 
2       Centrifugal   Oliver   Filtrate   Pumps 
2        Centrilugal  Soda  Pumps    (Shiiver) 

Fusion  Room 

36        Fusion   Kettles    &  Fire   Holes  16 

12        Storage    Tanks      ) 

(  2 

36        I'easuring   Tanks) 

36  5- Horse   Lot  or s    (Fusion   Kettle) 

2  Direct-Connected  Eash-Gent.    Compressors 

2  Circulating   Tanks 

2  Circulating  Pumps    (Centrifugal) 

Separating  Room 
15        Separating  Tanks  2 

5        '.Vaste  Pumps    (Centrifugal)  2 

2        Crude  Phenol  Storage    Tanks 

Recovery  Building 
2       Recovery  Units   and 
4       Centj?ifugal  Pumps.  1 
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riAi;T  EQurpisRT 

( cont inaed ) 

So. 

Pieces       I-iame   of  Apparatus I-en 

Recovery  Building 

3        Condensate    Tanks   and 

1  'Vorthington   Steam  Pump 

3  Storage    Tanks    (large) 

Distillation    &  Packing 

2  Large   Dehydrating  Stills         ) 

(  4 

4  Refine   Stills   and    Equipment) 

3  7/eigh  Scales  (Packing  Room)  6 
Packing  and  Barreling  Boys  10 
Control  Laboratory 

Chemist  1 

Chemist   Helpers  3  • 

Janitor  Service  10 

Pump  L!an  and  Helper  2 

Belt   llan  1 

The  raw  materials   needed  to  produce 
70  tons    of  Phenol  per  day  would   be    in  round 
num.bers. 
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Material 

Factor 

Pounds 

Benzene    {lOCfo) 

(1.13) 

156,000 

Oleum        (    lOfo) 

(2.38) 

333,000 

Caustic    (lOC/o) 

(1.52) 

213,000 

60°  Be'.    H2SO4 

(1.61) 

225,000 

lime 

(1.265) 

177,000 

Soda  Ash   i9&^) 

(.0565) 

8,000 

Total  Poirnds      -      1,114,000 

If  for    instance  an   average   railroad 
car   load   is   30  tons,    then   19   cars   would   be 
required   every   24   houi-s   to  handle  the    raw  ma- 
terials   to   keep   a   70-ton-a-day  phenol  pliant 
in   operation. 


MISCSIXiiEEOUS   ]Di».TA 
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2100  pounds  of  Benzene  by  weiiht 
takes  2637  pounds  of  100  percent  Sulphuric 
Acid  but  praetica,lly  requires  1954  pounds  in 
excess,  or  4590  pounds  total  - 

;4  2o2  lbs.  CgH^SO^H 


2100  lbs.  of  Benzene 
are  equivalent  to  the 
following:  (theoreti- 
cally) 


To  acidify  3122  lbs. 
of  GgHgOKa  there  are 
required. 

1954  lbs.  of  excess 
Sulphui-ic  Acid  re- 
quires the  following 
to  neutralize. 


4845 

ti 

CeHsSOsEa 

4763 

II 

(CeHsSOsJgCa 

1456 

II 

Ca    (0H)2 

1102 

II 

Ca  0 

3122 

1 

II 

GeH^OKa 

:2531 

II 

G.H^OH 

;2150 
j 

II 

KaOH 

;i426 

II 

Ea.CO„ 

(1345 

II 

Ca  CO3 

1319  lbs.  lOO^t  H2SO4 
1700  "    60°  Be'.HgSO, 
2740   "    40°  Be' .   " 


1476  lbs.  Ga  (OH)^ 
1068   "    Ga  0. 
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1476#  Ca    (0H)2   -   108S#  CaO  =   3430#  CaS04.2  HgO 
Theoretically     r  -  0 

2.25  pounds   Soda  Salt   requires    1  pound   of  Caustic 
for   the    fusion. 

Lbs.    Benzene  X   2.308   ««   lbs.    of  Soda  Salt 
"   Soda  Salt  X    .5222   =      "  '•   Phenol 

"        Benzene  X   1,2C5   r      "  "  Phenol 

Specific   gravity   of  80  percent    crude   at    (21°  C.)= 
About    1.06. 

Specific   gravity  of  C. P. Phenol   .   1.06   at    33°  C. 
J.    Soc.    Ghem.    Ind   Vol.    37-15-269    quotes: 

Perkins   values 

(J.    Chem.    Soc.    1896-69-1182)    can   only  be    ob- 
tained aftei'    suitable   pui  ificc^tion  and  drying. 

Boiling  point    of  the   middle 

fraction  r  162.5°  C.      This   fraction   fur-ther 
dried    over  Calcium  Chloride    (ignited)    for  sever- 
al hours   gave   a  resulting  phenol   of  I,:. P.    of 

40.5°   C " 

Percent    HgO  Percent  C5H5OH  I;:. P. 

O'OO  ICO. 00  40.5 

•03  99.97  40.45 

•33  99.67  39.20 

•63  99.37  38.00 

•93  99.07  36.80 

1»^3  98.77  35.70 

1'53  98.47  34.50 
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Percent   H2O  Percent  C^H^OH  M.P. 


1.83 

98.17 

33.45 

2.13 

97.87 

32.50 

3.68 

96.32 

27.50 

5.35 

94.65 

22.60 

7.23 

92.77 

16.50 

9.49 

90.51 

14.20 

12.30 

67.70 

10.70 

At  Eew  Port  the  melting  point  of 
still  batches  ranged  from  39.5  to  40.5°  C. 
The   boiling  point   ranged   from  180  to   182°  C. 

lew  Port  Phenol,    if  allo.vtd   to   stand 
around   exposed   to  the   air,    turned  pink  to  red 
in   color,    but    if   seiiled    air-ti^ht    it   remained 
colorless.      This    coloring   is   attributed   to  many 
different    causes   such  as   copper,    iron,    benzoic 
acid,    etc. 


The  End 


